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TRANDES: A FORTRAN PROGRAM FOR TRANSONIC
AIRFOIL ANALYSIS OR DESIGN

By
Leland A. Carlson
Texas A&M University

SUMMARY

A program called TRANDES 1is presented that can be used for the ana1yéis of
steady, irrotational, transonic flow over specified two-dimensional airfoils in
free air or for the design of airfoils having a prescribed pressure distribu-
tion, including the effects of weak (no massive separation) viscous interaction.
Instructions on program usage, listings of the program, and sample cases are
given.

INTRODUCTION

The program described in this report can be used for either the analysis of
the flowfield about an airfoil in free air or for the design of an airfoil
having a specified pressure distribution. In the direct or analysis mode the
airfoil shape is prescribed and the flowfield and surface pressures are deter-
mined. In the direct-inverse or design mode an initial nose shape is given
along with the pressure distribution on the remainder of the airfoil, and the
flowfield and actual airfoil shape are computed. In either case, the effects of
weak viscous interaction may be included at the option of the user.

The program solves the exact equation for the perturbation potential in a
Cartesian coordinate system. Most of the background about the equations solved,
formulation of the boundary conditions, and the difference scheme used is given
in references 1-3. This report gives instructions on the use of the computer
program and also some additional details concerning the inclusion of weak vis-
cous interaction. It should be noted that in this report the term weak viscous
interaction implies that there is no massive boundary layer separation on the
airfoil. Nevertheless, for aft-loaded airfoils at transonic speeds, the effect
of viscous interaction on airfoil performance may still be quite large.

The next section gives a general description of the problem and the method
of solution. Then the instructions for using the computer program-and a de-
scription of the inputs and outputs are given. The appendices contain



additional details as well as listings of the program and the sample cases.
GENERAL DESCRIPTION

The program described in this paper obtains the inviscid flowfield by
solying the full, inviscid, perturbation-potential flow equation in a cartesian
grid system. This system which is usually aligned relative to the airfoil
chord line, has been found to efficiently yield accurate solutions for biconvex,
conventional, and aft-cambered airfoils. In the program, a stretching is ap-
plied to the coordinates such that the infinite physical plane is mapped to a
finite computational space. Thus, the boundary conditions at infinity can be
applied directly and there is no need for an asymptotic far-field solution.
Details about the stretching functions are given in appendix A.

The method of solution is to replace the governing second-order partial
differential equation with a non-conservative system of finite difference eq-
uations that includes, at supersonic points, a form of Jameson's "rotated" dif-
ference scheme (ref.4). The difference equations are then solved by column
relaxation, which in order to obtain rapid convergence is usually done on sev-
eral different grids. In the analysis case, the difference equations are first
solved on a very coarse grid (typically 13x7). The solution is then interpo-
lated and used as an initial condition for a coarse grid (typically 25x13).
This procedure can be repeated twice more to cbtain solutions on a medium grid
(49x25) and on a fine grid (97X49). The Tlatter has 130 points on the airfoil;
however, excellent results are usually obtained on the medium grid, particularly
considering the computer time involved. For typical examples see reference 1.

In the inverse case, which is normally used for airfoil modification or
design, an initial airfoil shape must be assumed. However, this choice is not
critical, and the final airfoil shape may be considerably different. Since ex-
perience indicates that the inverse scheme works best if the perturbation po-
tentials have reasonable initial values, fifty relaxation cycles are first per-
formed in the direct mode for the initial airfoil shape on a very coarse grid.
The grid is then halved and thé inverse procedure initiated using the input
pressure distribution as the boundary condition in the inverse region. As in
the direct case, the grid may be refined again to the medium grid (typically
49x25) where the results are usually adequate. Fine grid usage in the inverse



case is not recommended due to slow convergence. On each grid the airfoil
shape is recomputed every ten relaxation cycles after the first fifty.

After the solution has been obtained in the design case, the resultant
shpae is treated as a displacement surface and the displacement thickness is
automatically subtracted to obtain the actual airfoil surface. The boundary
layer characteristics are determined by the Nash-Macdonald method (ref.5)
with smoothing. )

The effects of viscous interaction may also be included in analysis cases
at the option of the user. To preserve numerical consistency with the inverse
scheme, the Nash-Macdonald method is also used in such analysis cases, starting
with the 50th cycle on the coarse grid. At that point the displacement thick-
ness is computed at the same x coordinates as the inviscid grid and the dis-
placement surface ordinates updated using under-relaxation. The s1dpes are
then determined from cubic splines through the new ordinates, which are updated
by a new boundary layer calculation every ten relaxation cycles thereafter.

For those cases having extensive trailing edge separation an empirical boundary
layer correction is available. However, it is not necessary for most cases.

It should be noted that while the program can include the effects of bound-
ary layer interaction, no correction has been applied for the effects of wake
curvature and an empirical approach has been used in the trailing edge region.
Thus, the results should be viewed as pressure versus 1ift coefficient, moment
vs. T1ift, etc. instead of angle of attack. However, the error in angle of
attack is believed to be small.

Typical total computation times on an Amdahl 470/V6 or a CYBER 175-T are
60-70 seconds for medium grid results and less than 250 seconds for fine grid
solutions.

PROGRAM USAGE

The program is written in FORTRAN IV programming language for use on IBM
360-370, Amdahl 470, CDC 6600, and CDC CYBER series computers. The program can
be overlaid in order to reduce computer storage, if required. In nonoverlay
mode it requires less than 200,000 bytes on an IBM type machine. Some modifi-
cation to formats etc. may be required to run the program on different computer
systems.



The input cards are summarized in the following table:

Read
Order

1
2

13*
14%
15%
16%
17%
18%
19%
20*

Variables
NTITLE

NAMELIST/FINP/M,W,X1,X2,ALP,EPS,EPSS,
X4,54 ,C0NV,A1 ,A2 ,A3,RN,XIBDLY ,CIR,CDCORR,
RDEL , RDELFN,SP, XSEP, XLSEP, XPC

NAMELIST/IINP/IMAX,JMAX ,IKASE,INV,MITER,
NHALF,ITACT,ISKP2,ISKP3,ISKP4,ITERP,IREAD,
LP,ITEUPC,ITELWC

P(1,d) I=1,IMAX; J=1,JMAX (Only if IREAD=1)
PB(I) I=1,IMAX (Only if IREAD=1)
X1,X2

NI

XI(I),YI(I), I=1,NI
DERIX,DERIY,DERFX,DERFY

NIB

XIB(I),YIB(I), I=1, NIB
DERIXB,DERIYB,DERFXB,DERFYB
X1,X2

cpu(r), I=11, ITE

CPL(I), I=I1, ITE

X1,X2

CPU(I), I=I1,ITE

CPL(I), I=I1, ITE

X1,X2

cPu(1), I=I1, ITE

Format
20A4

Namelist

Namelist

5E15.7
5E15.7
2F10.5
I5

8F10.4
8F10.4
I5

8F10.4
8F10.4
2F10.5
8F10.3
8F10.3
2F10.5
8F10.3
8F10.3
2F10.5
8F10.3



21*

*

CPL(I), I=I1, ITE 8F10.3

Read only in the design mode when INV=1

NOTE: In the design mode steps 13-15 are for the coarse grid, 16-18

The
NTITLE -

X1 -

X2 -

ALP -
EPS -

EPSS -

sS4 -

CONV -

Al -

for the medium and 19-21 for the fine grid (if used).

definitions of these input variables are as follows:

Description of case. Up to 80 alphanumeric characters. Appears on
printed output, at the beginning of the results for each grid.
Freestream Mach number (real variable). Default 0.5

Relaxation factor for subsonic points. Should be in the range 0<Wx=2.0
Default 1.7

X Tocation where direct calculation stops. In analysis mode it should

be set to 0.5 (i.e. trailing edge). In design mode it is usually set
to slightly Tess than the third point from the leading edge or larger.
Default 0.5

End of the inverse region. For analysis case set to a large number.
In inverse design case set to 0.5 (i.e. trailing edge). Default
10000.0

Angle of attack in degrees. Default 0.0

Subsonic damping factor to match difference equations at sonic line if
needed. EPS has no effect on accuracy of solution, only on stability
and convergence rate. Normally it is not needed. Default 0.0

Supersonic damping factor for iterative stability. Note that EPSS has

no effect on the accuracy of the converged solution, only on the sta-
bility and convergence rate..EPSS should typically be about Mzmax-l’

where Mmax is the maximum local Mach number. Default 0.4

The positive X location where the coordinate stretching changes. It
should be near the airfoil trailing edge. Default 0.49.

The positive £ value in the computational plane where the stretching
changes. Default 2.0

Convergence criteria control value. Iterations stop when the maximum
change in the perturbation potential (between relaxation cycles) is
Tess than CONV. Default 1.E-05

Stretching constant for the Y direction. It can be used to control AY
and An near the horizontal axis. It is usually best to have Ag = An



A2 -

A3 -

RN -

XIBDLY -

CIR -

CDCORR -

RDEL -

RDELFN -

near the Teading edge of the airfoil. Default 0.246
First stretching constant for the X-direction. It is equivalent to

%—(g%) at £=¢,. The value of A, determines the horizontal step size
near the leading and trailing edges, i.e.
AX mhy _ ™2 (2(1+54

Xxg = 7 AT 2 TIMAX-T

See Appendix A. Default 0.15
Second stretching constant for the x-direction. It determines the
physical location of the vertical grid 1ine adjacent to grid side
edge. Default 3.87.
Freestream Reynolds number based on chord length. Used only when
viscous interaction included. Default 20.E+06.
The x-location at which transition is assumed to occur. The turbulent
boundary layer calculation starts at the next grid point. The rela-
tionship to percent chord is

XIBDLY = (% chord-50.0)/100.0
Default -0.44.
Circulation about airfoil. If an initial solution is inputted, it
must be the corresponding value of circulation. (CIR = CL/2.0).
Default 0.0
Correction to the computed wave drag coefficient for the finest grid
used. Because of the Tack of a large number of points in the leading
and trailing edge regions, the wave drag coefficient has an error as-
sociated with grid size, spacing, and 1ift coefficient. The magnitude
of CDCORR as a function of 1ift can be determined from a series of
calculations at different angles of attack at subcritical speeds, where
the wave drag should be zero. Note that the correction should be de-
termined for each airfoil and grid combination. Default 0.0. See Ap-
pendix B.
Relaxation parameter for the boundary layer displacement thickness.
It is used only when viscous interaction is included and IMAX % 55.
Default 0. 25
Fine grid relaxation parameter for the boundary layer displacement
thickness. It is used only when viscous interaction is included and



SP

XSEP

XLSEP

XPC

IMAX

JMAX

IKASE

INV

MITER

NHALF
ITACT

IMAX > 55, Default 0.125

Maximum value allowed for the Nash-Macdonald separation parameter when
X < XSEP. Used only in the viscous interaction case. Default 0.004.
X location after which the Nash-Macdonald separation parameter can as-
sume its calculated value. Used only in the viscous interaction case.
Default 0.44 . '

Location at which the trailing edge correction procedure begins. It
should correspond to the point of separation, if used. Between XLSEP
and the trailing edge the pressure distribution and the displacement
surface is modified. Used only if ITEUPC and/or ITELWC equal 1.
Default 0.50

Location after which the lower surface displacement thickness is re-
quired to continue decreasing once it has started to decrease. Up-
stream of XPC the displacement thickness is required to be monoton-
ically increasing. For most aft-cambered airfoils it should be 0.1
and in conventional airfoils it should be 0.5. Default 0.1

Number of vertical grid lines in the horizontal direction. I =1 is
upstream infinity and I = IMAX is downstream infinity. For each grid
refinement IMAX is increased such that IMAXnew = 2(IMAX0]d) - 1.

The 1imit on IMAX is 99. Default for use on first grid is 13.

Number of horizontal grid lines in the vertical direction. J =1
corresponds to infinity below the airfoil_ and J = JMAX is infinity
above the airfoil. The same formula and 1imit that apply to IMAX also
apply to JMAX. Default 7.

An integer number describing the case. It is limited to a maximum of
six digits. Default 100.

Parameter determining program mode. It should be zero for analysis
cases and one for inverse design cases. Default 0.

Maximum number of iterations (complete relaxation cycles) allowed on
first grid. MITER is halved for each grid refinement. However, on
the fourth grid, MITER is reset to 400. Default 800.-

Number of grid refinements to be done. Default 2.

Viscous interaction control parameter. It should be set to zero for
analysis cases without interaction and for design cases. It should be
one for analysis cases with interaction. Default 0.



ISKP2

ISKP3
ISKP4
ITERP

IREAD

LP

ITEUPC

ITELWC

P(I,J)
PB(I)
X1, X2

NI

. XI(I)

Airfoil update control parameter for grid two. It should be 0 if on
grid two an update is desired every 10 iterations. It should be 1 if
an update is not desired until the grid two solution is completed.
Only used in the inverse design mode. Default 0.

Same as ISKP2 but for grid 3 (medium grid).

Same as ISKP2 but for grid 4 (fine grid).

Interpolation parameter. If in the design mode the input Cp distribu-
tion for the grid 4 is to be read in, ITERP should be 0. If it is
desired to linearly interpolate the Cp distribution of grid 3, it
should be 1. Default 0.

Starting solution control parameter. If IREAD is 0, the initial per-
turbation solution is assumed to everywhere be zero. If it is 1, an
initial solution is read in from data cards. Default O.

Relaxation cycle interval at which boundary layer, surface ordinates,
etc. details are printed. Useful for diagnostics. Default 1000.

(No printout.)

Upper surface’trailing edge correction control parameter. If trailing
edge correction desired, ITEUPC should be 1. If not it should be zero.
Only used in the viscous interaction case. Normally the correction

is not needed. Default 0.

Lower surface trailing edge correction control parameter. If correc-
tion desired, ITELWC should be 1. If not it should be 0. Only used
in the viscous interaction case, and normally the correction is not
needed. Default 0.

Nondimensional perturbation potential, ¢ij’ at point I,J.
Nondimensional perturbation potential at point I on the y=0Tgrid line.
Same definition as above. However, 1in the inverse design case they
must be read in prior to the solution of each grid. On the first grid
(step 6 in above table) should use X1=0.5, X2=10000.0. On remaining
grids (steps 13,16, and 19), X1 should be the location where the
direct calculation stops and X2 should be 0.5.

The number of coordinate pairs used to describe the upper surface of
the airfoil. Presently limited to 99.

Input coordinates in the horizontal direction for the airfoil upper



XIB(I)

YIB(I)

DERIXB

DERIYB

DERFXB

DERFYB

CPU(I)

cPL(I)

surface. The leading edge corresponds to XI=0.0 and the trailing edge
is XI=1.0.

Input coordinates in the vertical direction for the airfoil upper sur-
face.

-
ot

usually is 0.0.

DY/DS of the airfoil upper surface at the leading edge (XI=0.0). It
usually is 1.0. .

D3x/DS3 of the airfoil upper surface at the trailing edge (XI=1.0).

It is usually sufficiently accurate to use 0.0.

D3Y/DS3 of the airfoil upper surface at the trailing edge (XI=1.0).

It is usually sufficiently accurate to use 0.0.

The number of coordinate pairs used to describe the lower surface of
the airfoil. Presently limited to 99.

Input coordinates in the horizontal direction for the airfoil lower
surface. The leading edge corresponds to XIB=0.0 and the trailing
edge is XIB=1.0.

Input coordinates in the vertical direction for the airfoil lower
surface. Since positive is up, the values of YIB are usually negative.
DX/DS of the airfoil lower surface at the leading edge. It is usually
0.0

DY/DS of the airfoil lower surface at the leading edge. It usually is
-1.0

D3X/DS3 of the airfoil lower surface at the trailing edge. It is usu-
ally sufficiently accurate to use 0.0.

D3Y/DS3 of the airfoil lower surface at the trailing edge. It is
usually sufficiently accurate to use 0.0.

Upper surface inverse region Cp values for design case. 11, which is
computed internally, is the first grid point after X1. The distribu-
tion must be read in for each grid solved inversely (steps 14,17,

and 20).

Lower surface inverse Cp values for design case. They must be read in
for each grid solved inversely (steps 15,18 and 21).
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The Program Output for each Grid is:

Heading

Case Number

Coordinate System. It is printed as I,X(I) followed by J,Y(J). Also,

the Mach Number, angle of attack, and the location where the direct cal-

culation stops is printed (i.e. X1).

Listing of input data in namelists FINP and IINP.

Airfoil ordinates in direct region

X - horizontal ordinate, where -0.5 is leading edge and 0.5 is trailing

edge

YU - Upper surface ordinate

YL - Lower surface ordinate

Desired Cp distribution in inverse region. Only printed in the inverse

design case.

Iteration history at ten-cycle intervals.

CIR - circulation .

DPM - maximum ¢ correction (absolute value) in the Tast relaxation cycle
The (I,d) grid location of DPM is also printed.

NSSP - Number of supersonic points.

DELST - s* at last grid point on upper surface. In interaction cases it
is an indicator of convergence of solution.

DELTAY- Maximum absolute change in inverse region of the computational
plane displacement surface ordinates during last surface update.

Boundary 1ayér details etc. - Every LP cycles details of the boundary layer

calculation, current surface ordinates in computational coordinates, and
surface slopes are printed. Useful if diagnostics needed.
Final Boundary Layer Results (Viscous interaction case only)

YUORIG - Airfoil upper surface ordinate.
DU - Upper surface displacement thickness
SLU - Slope of upper displacement surface
YLORIG - Airfoil lower surface ordinate
SLL - Slope of lower displacement surface
DL - Lower surface displacement thickness



10.) Pressure Distribution on Airfoil
Displacement Surface Ordinates and Slopes - In the inviscid case this
will be the same as airfoil ordinates etc. .
12.) Mach number chart of the flow field in the computational plane. Numbers
printed are the Mach number multiplied by 100. I increases from top
to bottom. J increases from left to right.
Wave Drag Coefficient

PR TR

E—
oW
~—

- Upper surface Cp

P

U

L - Lower surface Cp

T -" Upper displacement surface
B

- Lower displacement surface
CLCIR - Lift coefficient from circulation

CL - Lift coefficient from integration of Cp
CD - CDWAVE + CDF

CMLE - Moment coefficient about leading edge
CDF - Skin friction drag coefficient

CMC4 - Moment coefficient about quarter-chord

In addition, in the inverse case the following is printed after the final grid
results.
15.) Boundary layer details - Upper surface
16.) Airfoil ordinates of Upper surface
YOLD - Displacement surface ordinate
YNEW - Airfoil ordinate
DELSTAR -~ Displacement thickness
17.) Boundary layer details - Lower surface
Airfoil ordinates of lower surface.

11



APPENDIX A
COORDINATE STRETCHING FUNCTIONS

To facilitate the application of the infinity boundary condition, the co-
ordinates are stretched from a physical x-y plane to the computational &-n
plane. To do this, the x-axis is subdivided into three regions. The first is
from x = -» to x = ~Xg- The second is from x = Xy to x = Xg and the Tlast is

from x
The stretching is symmetrical about the origin and is given by

= L Tfe_z )3

X = xg + A, tan [5(e-g,)] + A5 tan [5{g-24)°]

x4 to X = o,

in the third region and by

x = £(a+be?)
in the second region. The constants a and b are automatically computed by the
program to staisfy the requirements

x=x, at ¢ = £y

4
and
A

dx . 2 -

de - Tz %ttty
The constant A2 controls the grid spacing in the vicinity of X4» Near the lead-
ing and trailing edges of the airfoil, i.e. aAx = fﬁg_Ag at x=x4.

2

A3 determines the physical location of the grid line adjacent to the grid edge.
In the y-direction the stretching relationship is given by
y = A tan (3 n)

and thus, A] controls the grid size near the airfoil via

dy _ mA 2T
dn —21 Sec (2 n)

and
TrA.l
Ay=T An atn=20

Notice that these stretchings map the infinite x,y plane into the finite

computational plane
(T +gy) <6< (1 +¢g,)

-1 <n<ld

_ where g4 determines the amount of the computational plane confined to the vi-
cinity of the airfoil. Also

12



o

ag =2(1%Ey)
' IMAX-1
and

2.0
A% JMAX-1

Finally, it should be noted that JMAX needs to be sufficiently large so
that all points on the J=2 and J=JMAX-1 grid lines are subsonic. Otherwise,
the rotated difference scheme may attempt to use points outside the computa-
tional space. T '



'APPENDIX B
VISCOUS BOUNDARY LAYER AND WAVE DRAG CORRECTION

Experimental evidence indicates that viscous boundary layer effects are
very important in transonic flow. For example, an aft-cambered airfoil in-
viscidly designed to have a 1ift coefficient of 0.6 may actually develop 25-
50% less 1ift. This loss in T1ift is due not only to the existence of a boun-
dary layer displacement surface but also to such factors as wake curvature and
vertiéal pressure gradients in the trailing edge region. To prevent such dis-
crepancies, the effect of the viscous boundary layer should be included in both
the analysis and design portion of any numerical method.

In the present program, the approach is to assume that the inviscid stream-
lines follow a displacement surface having ordinates and slopes different from
the actual airfoil. The effect of the fact that the streamlines do not follow
a displacement surface in the vicinity of the trailing edge and that they are
influenced by wake curvature is assumed to be either secondary or capable of
being handled empirically. In the design case, the approach is to treat the
airfoil determined by the inverse method as the displacement surface and to
subtract from it the displacement thickness determined by a boundary layer com-
putation. The result is considered to be the actual airfoil ordinates. For the
analysis case, the approach is to calculate a boundary layer displacement sur-
face (i.e. airfoil ordinate plus 6*) using under-relaxation. The invisicid
flowfield is then solved, and the displacement surface is updated every ten
iterative cycles.

Obviously, the boundary layer scheme must be reliable, reasonably accurate,
and computationally very efficient. After extensive investigation, the Nash-
Macdonald method (ref.5) together with certain smoothing operations, was selec-
ted for incorporation into the present program. In addition, the displacement
thickness at the trailing edge grid point was always determined by linear ex-
trapolation from the previous two upstream grid point values. As a result, the
basic appraoch used in the present program is similar to that of reference 6.

To update the displacement surface, the momentum integral equation

de 2y 6 dq _
E"'(H"‘Z-M)qu T

is solved for the momentum thickness & using the formulas of Nash and Macdonald

14



for skin friction, t, and the shape factor H = §*/6. This computation is
performed on the same grid spacing as the corresponding invisicid solution.
The resultant displacement thickness is then smoothed everywhere and extra-
polated to obtain the thickness at the trailing edge point. The smoothing
is performed twice on grids having IMAX less than 55 and four times on grids
with IMAX greater than 55.

This smoothing and extrapolation process appears to have two consequences.
First, it reduces the rapid variations in the solution which sometimes occur
in regions with high pressure gradients. Second, based on comparisons with
experiments, the Nash-Macdonald method with smoothing and extrapolation seems
to yield a trailing edge behavior that is correct with respect to the effect of
the boundary layer on pressure distribution énd 1ift. Admittedly, .this be-
havior is fortuitious and some sensitivity to grid spacing has been detected.
However, it should serve as a reasonable engineering model until a more com-
plete, rational, trailing-edge theory is available. At that time such a theory
could be easily incorporated into the present program.

If a case with extensive upper surface separation is encountered, the user
may need to incorporate the optional trailing edge correction feature of the
program. In this correction the boundary layer is solved using a modified
pressure distribution that is linear from a point XLSEP, corresponding to sep-
aration, to the trailing edge. The base pressure, which determines the pres-
sure gradient in this region, is determined semi-empirically. For aft-cambered
airfoils, it is automatically selected to be the same as the maximum value of
the pressure coefficient encountered on the lower surface of the airfoil. For
conventional airfoils, it should be selected by the user based upon experience.
(A typical value is 0.6). For aft-cambered airfoils the resultant modified
boundary layer computation is normally applied only to the upper surface and is
only used to determine the ordinate and slope of the displacement surface at
XLSEP. The slope is then assumed to be constant from XLSEP to the trailing
edge and the resultant displacement surface shape determined. Based upon
comparisons with experiment, this approach yields reasonably good results and
eliminates oscillations in the pressure distribution which can occur due to
very small changes in the displacement surface slopes. Thus the method is a
combination of the approaches used in references 6 and 7.

15



For conventional airfoils, the modified boundary layer computation is
used to determine when the slope of the displacement surface becomes zero.

From that point to the trailing edge the slope is then held constant. This
approach is based on the concept that the streamlines from both the upper and
lower surfaces should enter the wake almost parallel. Thus, for conventional
airfoils, if the trailing edge correction is used, it should be applied to
both surfaces. Since in most cases, this correction is not needed on conven-
tional airfoils, its extensive use is not recommended until it has been ver-
ified by experiment.

In both the normal and corrected uses, separation is assumed to occur
when (-6/q dq/ds) is greater than (.004.

Now one of the difficulties associated with using a cartesian grid is
that such a grid does not place a Targe number of computational points near
the leading and trailing edges. Thus, the wave drag coefficient, which is
determined by integration of the pressure distribution, has an inherent error
associated with grid size, grid spacing, and the magnitude of the 1ift coef-
ficient. Extensive comparisons with experimental data has indicated, however,
that accurate estimates of the wave drag can be obtained by applying a suitable
correction factor, CDCORR. This correction factor, which is different for each
airfoil and computational grid, can be determined as a function 1ift from a
series of calculations at different angles of attack at subcritical speeds,
where the wave drag should be zero.

For each subcritical calculation, using a CDCORR of zero, determine the
axial and normal coefficients using

CN = CL cos o + CDWAVE sin o

CA = -CL sin o + CDWAVE cos a
where CL is the 1ift coefficient determined from integration of the Cp distrib-
ution. Then the true CDCORR corresponding to CL can be computed from

CDCORR = CA + CN sin a/cos «a
This value can then be used in supercritical runs having the same CL.

In some cases, it may be more convenient to compute the supercritical
flows using a CDCORR of zero and to apply the correction later. In those cases,
the following procedure can be used to determine the drag. First, compute the
axial and normal coefficients using

16



CN = CL cos o + CDWAVE sin o

‘CA = -CL sin a + CDWAVE cos a
Then correct the axial coefficient for the appropriate 1ift and grid by

~A = CA _ CDCORD
i v vwy

o [ATAY

and recompute CDWAVE by
CDWAVE = CN sin a + CA cos o

The total drag coefficient is then given by
CD = CDWAVE + CDF

In all cases the drag due to skin friction and to changes resulting from
the displacement surface shape is computed using the Squire-Young formula.
While this formula is not exactly theoretically correct, it has been found to

- yield very accurate predictions.
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APPENDIX C
PROGRAM LISTING
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‘C  wxkkxkkk*x& TRANDES——

TRANSONIC ANALYSIS AND DESIGN PROGRAM
C  *%¥*x%kkk¥¥x

*tkkk%kk 00000001
LELAND A+ CARLSON, TEXAS A&EM UNIVERSITY, 713-845-7541%%%%%x00000002

C *kk&&k¥kEEk JULY 1976%Fkkakkkkkkkdkkakok ok kdkok kkdkokdkk &k k ook ki & okk gakokokokkkkk 00000003
C 00000004
REAL M 00000005
DIMENSION NTITLE(20),AA(500)+I0ONIC(99) 00000006

COMMON CPUL99) »CPL(99)5E(99)sDUL(99) 4DU2(99) ,DL1(99),DL2{99)+D(99)00000007
1,FF{99),FFP12(99),FFM12(99)+FFM1{(99) ,FFM32(99), 00000008
1P1(99) +P2(99) +PB(99),P{99,99)sRS(99) 3S(99)+SUP(99) »SUB(99) , TEMP(9900000009
2) 9 X(99),Y(99) s YU(99) s YLI99) s SLU(99)+SLL{99)» 00000010
3ALlsA2+ AI2+ALP sCIRIEPS +EPSS+DEsDSsDP +sDPMeF +FP12,FM12,FM32,M,Q1+Q12,00000011
4We X1 X2,VVJIBL,VVIUB1,AAJBl, AAJB.QQJB-QQJBIoUUJB-VVJBPl.QQJBPI.AAJBPIOOOOOOIZ

SsQsQAyUUJBLsPIPI2,A22,A114X4,54 00000013
COMMDN I.ITE'ITEI.ILE.ILEI-IIoIll,ICDN.IMAX.IMAXI.INV.JB-JAI.JBI. 00000014
1JMAX s JCON, JMAX]1 s NSSP. I W 00000015
COMMON/.J4S5/GG(99) sGGP12(99) ,GGM12{99) ,GGM32(99)+GGP32{99)s+A3 00000016
CCMMON/AF I X/MHALF ’ 00000017
CCGMMONADEL TA/ITER 00000018
CCMMON/ZTAMU/DELTAY 00000019
COMMONAZARER/ I TERP 00000020
COMMONAFIPUT/IREAD 00000021

COMMONANASH/RN IBDLY » ITACT »YUORIG(99)»YLORIG{(99) s SUPPER(99) +» SLOWER0Q000022

1(99) »DEL(99),DUPOLD(99),DLWOLD{99) ,CDF 00000023
COMMONZIPT1/X1BDLY sRDEL s RDELFNsRCPB, SP, XSEP, CONV +CPB, XMON+ XLSER, 00000024
1 MITER.LPITEUPC,ITELWCy XPC 00000025
NAMELIST/FINP/MoaWsX1 X2+ ALPsEPSsEPSS s X4 +S545yCONVs Al A2 A3eRN, 00000026
1 XIBDLYsCIRsCDCORRyRDEL +RDELFNsSP4sXSEPsRCPB,CPBs XMONs XLSEP 5 XPC 00000027
NAMELIST/IINP/IMAX,JMAX, IKASE, INV,MITERsNHALF s ITACT,I5KP2, ISKP3, 00000028
1 ISKP4 ,ITERP,IREADLP s ITEUPC,I1TELWC 00000029
DELTAY=0.0 00000030
CDF=0. 00000031
" CDCORR=0.0 00000032
DPM=0.10 00000033
I1TER=0 00000034
MHALF=1 00000035
IW=0 00000036
CIR=0.0 00000037
DPMSUM=040 00000038
I1DPM=1 00000039
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DPOLD=0.0
M=QeS

wW=1l.7
X1=0e5
X2=10000.0
ALP=0.0
EPS=0.0
EPSS=0.4
X4=0+.49
S4=2.0
Al=0.246
A3=3.87
RN=20.0E+06
X18DLY=—e44
CPB=0.4
RDEL=0.25
RDELFN=0.125
SP=0.004
XSEP=0.44
XLSEP=0450
RCPB=0.2
XMON=0+47
CONV=1 .E-05
IMAX=13
JMAX=7
IKASE=100
INV=0
MITER=800
NHALF=2
ITACT=0
ISKP2=0
ISKP3=0
I1SKP4=0
ITERP=0
IREAD=Q
LP=1000G
ITEUPC=0
ITELWC=0
XPC=0.10

00000040
00000041
00000042
00000043
00000044
00000045
00000046
00000047
00000048
00000049
00000050
00000051
00000052
00000953
00000054
00000055
00000056
00000057
00000058
00000059
00000060
00000061
00000062
00000063
00000064
00000065
00000066
00000067
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00000069
00000070
00000071
00000072
00000073
00000074
00000075
00000076
00000077
00000078
00000079.



4

8001

101

6 FORMAT (1HOQ,3Xs*MACH NO. IS *,F5.3+' ANGLE DOF ATTACK IS
1GREES'+/»10X, ' DIRECT SOLUTION TO ",F8.2,
£25X+ *CASE NUMBER',16)

6001

6002

6003

READ(S»1)INTITLE(I)»I=1,20)
FORMAT (20A4)

PRINT 2

FORMAT{1H1)
READ(5,FINP)

EPSSD=EPSS

EPSO=EPS

BETA=SQRT{1 «—M*M)
READ(S5,IINP)
ICASE=IKASE

CONTINUE

ALPDEG=ALP
CPSTAR=1.428/(M*MI*¥(({1e+0.2%M%(M)/1,2)%*k3,5~-1.)

PI=4.%¥ATAN(160)

PI12=0.5%PI

ALP=ALP*PI1/180,
A22=2./7(PI1%A2)
All=2.7(PI%A1l)

CALL VALUE

PRINT 3,(NTITLE(I),I=1,20)
FORMAT (20A4)

CALL COORD

PRINT 6,M,ALPDEG,sX14+ICASE

IF(INVEQ.0)PRINT 6001
FORMAT(1HQ+3X»*INVISCID ANALYSIS CASE®)
IF(ITACT.EQ.1)PRINT 6002

FORMAT (1H

23Xe*WITH VISCOUS INTERACTION®)

IF(INV.EQ«1)PRINT 6003
FORMAT{1HOs 3X,* INVERSE DESIGN CASE®*)
WRITE(6.FINP)

WRITE(6,1IINP)

IF(MHALF.EQ.1)G0O TO 102

JB=JUMAX/2+1

00 104 I=ILE,IMAX

" eF5.3,"
/e

00000080
00000081
00000082
00000083
00000084
00000085
00000086
00000087
00000088
00000089
00000090
00000091
00000092
00000093
00000094
00000095
00000096
00000097
00000098
00000099
00000100
00000101
00000102

DE00000103

00000104
00000108
00000106
00000107
00000108
00000109
00000110
00000111
00000112
00000113
00000114
00000115
00000116
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104

102

12

P(I1+JB—1)=0.5%(P(I,JB-2)+PB(1))
PCIMAX s JMAX—1)=P(IMAX,, JMAX-2)
P(IMAX~1, JMAX)=P(IMAX—-2, JMAX)
P(2» JMAX)I=P(3,JMAX)

P(ls IMAX—1)=P(1+JIMAX-2)
Pl(1+2)=P(1+3)

P(2+1)=P(3y1)
P{IMAX-1,1)=P(IMAX—=2,1)

PL{IMAX +2)=P(IMAX,3)

CENT INUE

ILEI=ILE-1

I11=11-1

ITE=IMAX-ILEL

ITEL=1ITE+1

CALL FCIL
IF{IREAD«EQel e ANDeMHALF ¢EQal )MHALF=MHALF +1
DO 8 J=1.,JMAX

PILJI=P(1,J)

CALL FLOW1

CALL FLOWZ2

IF(INV.EQ.0)GO TO 9

IF(MHALF +sEQ1)G0O TO 9

CALL FLOW3

[IF{X2.GT.1000.0)GO 7O 10

CALL WAKE
STE=S4+2./PI*ATAN{(0.5-X42/A2)

CIR=—( STE-S(ITE+1))/DS*(P(ITE,JB)—-PB(ITE))+(STE-S(ITE) )/DS*

1(P{ITE+1,JB8)-PB{ITE+1))
GUAN1=—.5*%CIR/PI
QUANZ2=ATAN(BETA*Al/A2%DS/DE)
QUAN3=ATAN(BETAXTAN{ALP))
IF(MeGT.1.)G0O TO 11
IF(ALP +GT 0.0)GG YO 108
IF(ALP .LT.0.0)G0O TO 1081
P(IMAX s JMAX)=QUAN1I%®QUAN2
DO 12 L=2,IMAX1
P{LsIJMAX)=— CIR/4.0
P(l1s1)=—0.75%CIR

P(1,JMAX) =QUAN1*(PI—QUAN2)

00000117
00000118
00000119
00000120
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00000122
00000123
00000124
00000125
00000126
00000127
00000128
00000129
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00000146
00000147
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00000149
00000150
00000151
00000152
00000153
00000154
00000155
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13

14

1081

1083

108

110
1082

109

11

P(1+1)=QUAN1*{PJI +QUAN2)
P{IMAX +1)=QUAN1*(2.%PI-QUAN2)
CO 13 J=2,J4MAX1
P{lsJ)=-0.5%CIR

JBM1=JB-1

DO 14 J=2,48BM1

PUIMAX sJ)=—~CIR

GO TO 109

DO 1083 I=2,IMAX1

PlI, JMAX)=QUAN1*(PI+ATAN(BETA/TAN(ALP)))

P(Ile1l)=QUAN1I*PI4+P(],JMAX)
GO TO 1082
DO 110 I=2,IMAX]1

P(I, JMAX)=QUAN]I*ATANIBETA/TAN(ALP))

P(l1ea1)=QUANLI*PI+P(IsJMAX)
CCNYINUE

DO 111 J=2,JMAX]1

P(ls J)=QUAN1*{PI-QUAN3)
JBM1=JB-1

DO 112 J=2+.JBM]

P{IMAX ¢ J)=QUAN1*(2.%P[-QUAN3)
00 113 J=JBsJMAX]

B(IMAX »J)=QUAN1%x(-QUAN3)
PUIMAX s JMAX)=QUAN1*QUAN2

F{1l, JMAX)=QUAN1*(PI—-QUAN2)
P(1,1)=QUAN1*(PI+QUANZ)
PUIMAX s 1)=QUANLI *¥{2.%P I-QUAN2)
CONTINUE
PB(IMAX)=—CIR+P{ IMAX, JE)
ITER=ITER+1

DPMSUM=DPMSUM+DPM

IDPM=]IDPM+1

IF(IDPM.LE.10)GO TO 512
DPOLD=DPMSUM

DPMSUM=0.0

IDPM=1

CONTINUE
IF(ITACT.EQe1)DELTAY=DUPOLD(ITE)
IF(ITER/10%10.EQ.ITER)

00000156
00000157
00000158
00000159
00000160
00000161
00000162
00000163
00000164
00000165
00000166
00000167
00000168
00000169
00000170
00000171
00000172
00000173
00000174
00000175
00000176
00000177
00000178
00000179
00000180
00000181
00000182
00000183
00000184
00000185
00000186
00000187
00000188
00000189
00000190
00000191
00000192
00000193
00000194



¥e

s aNalaNeNelalalel

15

1PRINT 15,ITERSCIR+DPM, ICON,JCON,NSSP,DELTAY

FORMAT(1H +*ITERATION'sI144* CIR = Y,F845s" DPM = *,F11e8,"' AT,

1213,' NSSP = *,14,* DELTAY OR DELSTAR = *,F7.4)

IF(M.LE«1.0)GO TO 16

ADD P(IMAX.J) CARD HERE FOR M GT 1.0 CASE

16

9005
9006

24

106

21

17

19

20
18

IF{INVeEQeO+sANDITACT+EQ»0)GO TO 24

IF(MHALF .EQ.1)GO TO 24

IF(IREAD.EQ+1 «eANDITACT.EQ.1)G0O TO 9005
IF(ITER.LT.50JGO TO 24

IF(ITACT.EQ.1)GO TO 9005

IF(MHALF cEQe2e ANDSISKP2.EQ.1)G0 TO 24

IF(MHALF cEQe3ANDISKP3.EQ.1J)GD TO 24

IF(MHALF cEQe4 s ANDISKP4.EQ.1)G0O TO 24
IF(ITER/10%10+EQ«ITER)CALL SHAPE

GO TO 9006

IF(ITER/10%10.,EQ.ITER)CALL VISACT
IF(ITER/LP*LPeEQITERIPRINT22,(X(I), YU(I)sYL(I), I=ILE, IMAX1)
IF(ITER/LPXLPeEQ«ITERIPRINT 22,2 (X(I)+SLUCI)+SLL(I),I=ILE,IMAX])
CONT INUE

IF(ITERGE.MITER)GO TO 17

IF{INVeEQeC+AND« ITACT.EQ-0)GO TO 106

IF(MHALF «GT«.1)GO TO 106

IF(MHALF «EQel « ANDITERLT«50)GA TO 106

DPM=0.

CONTINUE

IF (DPM.LT.CONV)IGD TO 17

DPM=0.0

GO T0O 7

CONTINUE

*%% THE FOLLOWING CAN BE USED TO PRINT QOUT THE *ik&¥kx&k%
*xk¥ ¥k PERTURBATICON POTENTIAL FLOWFIELD SOLUTICN If DESIREDkkkkk%
DO 18 JJ=1,JMAX

JZIMAX+1I—-JJ

PRINT 19,J

FORMATL 1H +*'ROW "5, I5)

PRINT 20,(P(IsJ)s1I=1,IMAX)

FORMAT(1H 4,10E11.3)

CONT INUE
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C

C
C
C
C
C

C

PRINT 19,JB 00000233

PRINT 20+ (PB(I)s I=1,IMAX) 00000234
IF(MHALF.LE.NHALF)GO TO 8007 00000235
*kk¥x% THE FOLLOWING CA BE USED TO PUNCH DUTPUT IF DESIRED**k&%* 00000236

DD 8005 JJ=1,JMAX 00000237

8006 FORMAT(SE15.7) 00000238
J=IMAX-JJ+1 00000239

8005 CCNTINUE 00000240
8007 CUNTINUE 00000241
PRINTE SHAPE HERE IF REQUIRED 00000242
IF(MHALF «sEQel1)G0 TO 26 00000243
IF(INV.EQel)CALL SHAPE 00000244
IF(ITACT.EQeQ)GD TO 26 00000245
IFC(ITER.GE.MITER)GD TO 7501 00000246

CALL VISACT 00000247

7501 PRINT 9008,RN 00000248

G008 FORMAT(*0", *BOUNDARY LAYER ANALYSIS FOR REYNOLDS NUMBER OF®,EL2.35 00000249
*¥/7 95Xy "X 9IXs " YUORIG® 34X s ? DU 98X *SLU s 7TX+*YLORIG® 94X+ *DL* 48X,y *SLLO0000250

x¢) 00000251
PRINT 9009+ (X(I)sYUBRIG(I) ,DUPOLD(I)+SLU(I)»YLORIG(I)»DLWOLD(I), 00000252
#SLLE L)+ I=ILE,ITE) 00000253
9009 FORMAT{5X«7F1045) 00000254
GO TO 9007 00000255

26 CALL PRESS 00000256
9007 DO 25 L=ILEsIMAX1 00000257
YULI)=A1%TAN{PIL/2.%YU(I)) 00000258

25 YLAI)I=AL*TAN(PI/2.%YL (1)) 00000259
PRINT 6004 00000260

6004 FORMAT{1H +* CP BY CENTRAL DIFFERENCES®) 00000261
PRINT S010 00000262

G010 FORMATO1H »*'X*510X,*CPU' »10X,?CPL") 00000263
PRINT 9011 (X(1)sCPUCII+CPL(I) I=1LE,IMAXL1) 00000264

9011 FORMAT(1lH 23F103) 00000265
IMAX2=IMAX-2 00000266
PRINT 221 00000267

221 FORMAT(OLIH +"X*,10X,'YU®,10X>°YL?,10Xs"SLU",8X,*SLL?) 00000268
22 FORMATA3( " X= "yF7ebs? YUS %4F7abs® YL= 4F744)) 00000269
PRINT 220 (XCI)oYULTI)sYLUIDaSLUCI)+SLL(I)+I=ILE,ITE) 00000270

220 FORMATO1H +5F10.5) 00000271
IF(MHALF sLE.NHALF)GO TO 8014 00000272



92

9002

501

500

503

504
505

506

507
508

8014 CCNTINUE

DO 9002 I=ILE,LITE

YULI)=ATAN(YUl(I)/Al1)/P12

YL(II=ATAN(YL(I)/7A1)/PI2

DO 500 I=2,ILE1

DO S01 J=2,JMAXI
U=QI¥(COSCALP)+FF{I)*(P(I+1+J)-P(I-1+J)3/(2.%DS))
V=QI®( SIN(ALP)+GG(JI%(P(I s J+1)-P(1+J-1))/{2.%DE))
UuU=U %y

VV=VikV .

AD=AI12-0+.2%(UU+VV—QI2)
IONICCUd)=100.0%SQRT((UU+VV)/AD)

PRINT 28,{IONIC(J)sJ=2,JMAX1)

CCNTINUVE

DO 502 I=IlLELITE

DO 503 J=2,JMAX1

ICNIC(J)=0

JB2=48-2

DO 504 J=JB2,JMAX]
IF(YUCL)eGTE(J) e ANDaYU(I)eLEE(U+1))GO TO 505
CONTINUE

JA=J+1

IF{JA.LE«JUB)JA=UB+1

DO 506 J=JA.JMAX1

U=QI*( COS{ALP)+FF(I)*(P(I+1,J)-P{I-1,J))/7(2.%DS))
V=QI¥(SIN(ALP) +GG(JIX(P(L,J+1)=P(I1+sJ-1))/7(2.%DE))
Ul=uU%xyU

VV=V%kV

AD=AI2-042% (UU+VV—-QI2)
IONIC(J)=100.0*%SQRT((UU+VV ) /AD)

4B2=uB+2

04 507 JJd=1l.JMAX1

J=JdB2-JJ

IF(YLEI)eGEE(J) eANDeYL{I) oL TeE(J+1))GO TO 508
CONT INUE

JA=J

IF(JACGE«JB)JA=UJB-1

DO 509 J=2,JA
U=QI%(COS{ALR)+FF{I1)¥(P(I+14J)-P(1I-1,J))/(2.%DS))
V=RI % (SINCALP)}+GG(JI*¥(P(I1,J+1)-P{1,J—-11)/7(2.%DE))

00000273
00000274
00000275
00000276
00000277
00000278
00000279
00000280
00000281
00000282
00000283
00000284
00000285
00000286
00000287
00000288
00000289

00000290
00000291
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00000294
00000295
00000296
00000297
00000298
00000299
00000300
00000301
00000302
00000303
00000304
00000305
00000306
00000307
00000308
00000309 -
00000310
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00000312
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509

502

Si1

510
28

9003

IF(JeEQe(UB-1))V=QI*X{SIN(ALP)+GG{ NI *{PB(I)-P(1,U-1))/7(2.%DE))
Uu=uxy

VV=VkV

AD=AI2-04+2¥(UU+VV-QI12)
IONIC(J)=100.0%SQRT{({(UU+VV)/AD)

PRINT 28+ (ICONIC(J)»J=2sJMAX1)

CONT INUE

DO 510 I=ITEl,IMAX]

DO 511 J=2,JMAXI1
U=QI*(COSCALP)I+FF(I)*(P{I+1,J)-P(I-1+J))7(2%DS))
V=QI*(SIN(ALP)+GG(I)*¥(P{I,J+1)-P(I1,4J-1))/7(2.%DE))
IF(JeEQeJBIV=V-QI*{GG(J)*(CIR/(2.%DE)))
IF(JeEQeJB—1)V=V-QI*(GGlJI*(CIR/(2.¥DE)))

Uu=U*xU

VV=V XV

AD=AI2-0+.2%(UU+VV-QI2}
JONIC(JI=100.0%SART((UU+VV)/AD)

PRINT 28, (IONIC{ J)eJ=2,+JMAX])

CAONTINUE

FORMAT(1H ,4013)

DO 9003 I=ILE.ITE

YU(I)=A1*¥TAN(PI/72.%YU(I))
YL(I)=A1*TAN(PI/72.%YL(1))
CL=0+S*{(CPLIILE)-CPU(ILE))*(X{ILE)+0.5)
CPSTAG=24/(1e4¥MEXM)%{(10e+0e2%MEkMI%X%I o5—1,)

00000313
00000314
00000315
00000316
00000317
00000318
00000319
00000320
00000321
00000322
00000323
00000324
00000325
00000326
00000327
00000328
00000329
00000330
00000331
00000332
00000333
00000334
00000335
00000336
00000337

CD={CPSTAG+CPUUILE) )*{YU(ILE))*0+5—(CPSTAG+CPL(ILE))*(YL(ILE))¥*0.500000338

CMLE=0eS¥(CPUCILE)-CPL(ILE))*(X(ILE)+045)%%2
IEND=1I TE-1

DD 9000 I=ILEIEND

Ti=CPLLI)-CPU(I])

T2=CPL(I+1)-CPU(I+1)

T3=(X(1+1)—X(I))*0.5

CL=CL+(TL+T2)*T3

IFCITACT.EQ.1)GO TOD 8010

CO=CD+{CPRU(II+CPRUCI+1)3*¥0Sx(YU(I+1)-YU(I})-{CPL{II+CPL(I+1))%0.5

1% (YL(I+1)-YL(I))

00000339
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00000341
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00000343
00000344
00000345
00000346
00000347
00000348
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GO TO 8011

00000349

8010 CD=CD#CPULI)I+CPU(I+1))%.5%x( YUORIG(I+1)-YUORIG(I))—(CPL(I)+CPL(I+100000350

8011

9000

8012
8013

g012

CONTINUE
T6=—T1#¥(X(1)+0.5)
T7=—T24%(X(I+1)+0.5)
CMLE=CMLE+{TO6+T7)*T3

CL=CL+0.S*(CPLIITE)-CPU(ITE))*{(0.5-X(ITE))
CMLE=CMLE+Q S (CPU(ITE)-CPL{ITE) )*(X(ITE)+0.5)*%(045—X(ITE))

IF(ITACT.EQ.1)GO TO 8012

CO=CD-LCPULITE)+CPL(ITE))*0S*%({YU(ITE)-YL(ITE))

GO TO 8013

CD=CD-GDCORR

CONTINUE
FN=CL*COS(ALP)—-CD*SIN{ALP)
FT=CL*SINCALP)+CD*COS{ALP)
CL=FN

CD=FT

CMC4=CMLE+CL/4.

CDWAV=CD

CD=CDWAV+CDF

PRINT 9012.CDWAV
FORMAT(1H0«20Xs * WAVE CD =
NOV=ITE-ILE+1]

DO 114 I=ILE.ITE

J=I-ILE1

J1=J+NOV

J2=J+2%N0OV

J3=J+3ANOV

J4=J+4E¥NOV

AALJ)=X(1)

AA(JL1)=CPU(I)
AA(J2)=CPLI(I)
AA(J3)=-YU(I)
AA(J4)=—YL(1)

NL=50

IF(NOV «GT«45S)NL=100

*) ¥, SE(YLORIG(I+1)-YLORIG{1I1))

*3sF10e6)

CALL PLOT{ICASE»AAsNOV,sSsNL+0)

CLCIR=24%CIR
PRINT 8002+.CPSTARCLCIK
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8002 FORMAT(1H 440X, 'PRESSURE COEFFICIENT®4+//541X,*CPSTAR = *,F10+4,

1 S5X+*CLCIR = *,F10.4)
PRINT S9001sCL4+CDsCMLE,CDF,CMC4
9001 FORMAT(1HOs20X»*CL = *4F10e4s" CD = "5sF10e65' CMLE = *9F10e4,
¥ CDF = '4F10.6,* CMC4 = '4,F1l0e4)
PRINT 8003
8003 FORMAT{1H1) .
IF(MHALF « GT NHALFJ}GO TO 100
MHALF=MHALF+1
MITER=MITER/2
CALL HALVE

IFCINV.EQel e ANDe MHALF «aEQ«3)MITER=400
IF{MHALF «EQe4)MITER=400

DPM=0.0
OPOLD=0.0
IDPM=1
DPMSUM=0.0
EPSS=EPSSO
EPS=EP SO
ITER=0
DELTAY=0.,0
GO TO 101
100 CONTINUE
IFCINV.EQ.1)CALL BDLY
IF(ITACT.EQ.1)0GO TO 9014
WRITE(7:9015)I(XCI)sYUCI)uYL{I) CPUCL),CPL{I),I=ILE,ITE)
9015 FORMAT(SF10.5)
sYoP
9014 WRITE(7+9015)(X{(I)sYUORIGI(I),YLORIG(I)»CPU(I)>CPL(I1),I=ILE,ITE)
sTOP
END
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SUBROUTINE FOIL 00000421
CC  ***kkx¥*kkk¥k READS IN INITIAL AIRFOIL SHAPE AND DETERMINES ORDINATES 00000422

C *¥x*x*dkxk¥* AND SLOPES AT COMPUTATIONAL GRID POINTS *&kkkkkkkkikk 00000423
REAL M 00000424
DIMENS LGN XI(99)4+YI(99)+sX0(99)Y0(99)5S51(99),S50(99)XP(99),YP(99},00000425

I1D1Y(990,02Y(99)sD3Y(99) XIB{(99)+YIB(99) 00000426
DIMENS ION X0OR(99) : 00000427
COMMON CPU(99)+CPL(93),E(99)+DUL(99) sDU2(99) +DL1(99)+DL2(99),D(99)00000428

1sFF(99).FFP12(99)FFM12(99)FFM1{99).FFM32(99), 00000429

1P1(99)sP2(99) +PB(99)+P(99399)yRS(99) +S{99) sSUP(99) 5 SUB(99) s TEMP (9900000430

2)eX(99D»Y{99) s YU(99) 4 YL(99)»SLU{99),SLL(99), 00000431

JA1 A2+ AI25ALP sCIRIEPS yEPSS+DEsDS +sDP s DPMF+FP12,FM12,FM32.M, Q1 ,Q12, 00000432
4WsX19X2:VVJIBsVVIB1,AAUB1,AAUB,QQJB,QQJIBL,UUIB,VVIBPL,QQJBP1,AAJBP100000433

SeGsQQaULIBLPL+PIZ21A224A114X4s54 00000434
COMMON I+ ITE-ITELlSILESILELl +yI1eI115,ICONyIMAX,IMAX1,4INVsJBsJALl,JBls 00000435
1JMAX s JCON» JMAX1 s NSSP, I W 00000436
CCMMON/ZF I X/ MHALF 00000437
CCMMON/ZRED/ I TERP 00000438
CCMMON/ZFIPUT/ZIREAD 00000439
CCMMON/ANASH/RN . IBDLY » ITACT , YUORIG(99):YLORIG{99) » SUPPER(99), SLOWER00000440
1(99) ,DEL(99),DUPOLD(99),DLWOLD(99),CDF 00000441
CCMMON/IPT1/XIBDLY sRDEL sRDELFN,RCPBs SPsXSEPs» CONV sCPBs XMON+ XLSEP, 00000442

1 MITERLP+ITEUPCSITELWCs XPC 00000443

C THIS PROGRAM DEPENDS UPON AIRFOIL BEING BEING STUDIED 00000444
PRINT 2 00000445

2 FORMATE1HO-20Xs"AIRFOIL CODRDINATES® ¢/-5X,'X YU YL 00000446
1 UPPER SLDPE LOWER SLOPE') 00000447
IB8DLY=LLE~1 00000448
215 IBDLY=IBDLY+] 00000449
IF(X(IBDLY) L T.XIBDLY)GO TO 215 00000450
IFGITACT.EQ.1)GO TO 35 00000451
IF(INV.EQ.0)GO TO 7 00000452

35 IF{(MHALF JLE.2)GD TO 7 00000453
I=IMAX1/2 00000454
{I=IMAX-2 00000455
ISTOR=111 00000456
IF(ITACT.EQ.1)111=1IBDLY-1 00000457

8 CPU(IID=CPU(lIl) 00000458
CPL(IID=CPL(I) 00000459

SLULIId»=SLU{I) 00000460
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TSLLCIId=SLL(I)

DUPGLD (11)=DUPCLD(I)
DLWOLD X §)=DLWOLD(I)
YUCII)=YU(I)

YLOII)=YLCI)

1=1-1

I1=11-2

IF(11.GE«I11)GO TO 8
IMAX2= I MAX—2

IS=I11+3

DO 9 I=1SsIMAX2,2

DUPOLDA I )=+ 5« (DUPOLD( 1+1)+DUPOLD( I-1))
DLWOLD(I)=eS5%(DLWOLO( I+1)+DLWOLD(I—-1))
CPU(I)=0+5%*{CPU(I#1)4CPU(I~1))
CPL(I)=0.5%{CPLLI+1)+CPLLI~1))
SLUCI)=0e5%({SLU(I+1)+SLU(I~1))
SLL(I)=0e5%(SLL{ I+1)4SLL(TI~1))
YUCID)=0.5%(YUCI+1)+YU(I-1))
YLOI)=0aS*{YLCI+1)4+YL(I-1))
YUCIMAX1)=0.0001
YL{IMAX1)==0.0001
SLUCIMAX1)=0.0

SLLCIMAX1)=0.0
DUPOLD ( IMAX1)=0.

DLWOLD{ IMAX1)=0.

I111=1STOR

GO TO 10

CONTINUE

CO 6 I=ITEl,IMAX
YUORIG(I)=.0001
YLORIGCI)=-0.0001

DUPOLDAI)=0.

DLWOLDCI)=0,

YU(I)=0.0001

YL(I)=—0.0001

SLUCI)=0.0

SLL(I)=0.0
IF(INV..EQs1)IEND=111
IF(INVEQ.0) IEND=1TE

IF(MHALF oLT«3)IEND=ITE
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2

2t

14

18
21

15
i5

‘16

17

23

36

26

24

25

UPPER SURFACE,,XI IN PERCENT CHORD
IF(MHALF «GT &1 )GO TO 21

READ 14+ NI

READ 1S+(XI(I)+YI(I),I=1,NI)
READ1S +sDERIXDERIY ,DERFX+DERFY
FORMAT (IS)

DO 18 I=1+NI

XI{(I)=XE(I1)—0.5

DO 16 I=ILE,LIEND

II=I-ILE+1

FORMAT(8F1044)

FORMAT (2F 1044)
Xa(11)=x(1)
NO=I1END—ILE+1

CALL ARC{XI+YI4XO0sYO0sSI+SOsXPsYPsDLY,,D2Y+D3Y+sDERIXsDERFX,DERIY,
1DERFYs NIsNO,1)

IF{ITACT.EQ.1)GO TO 23
DD 17 I=ILE,IEND
II=I-1IlE+1
DUPOLD(I)=0.
YUCI)=YO(Il)
YUORIGCI)=YO(II)
SLUCI)=YPC(II)}/XP(LI)
GO TO 25

DO 24 1I=ILE.IEND
II=I-1ILE+1
IF{l.LT.IBDLY)GO TO 36
[IF(MHALF .GT.2)GAQ TO 26
YUCI)=YO(II)

YUORIGA I1)=YO(II)
DUPOLD(I)=0.
SUPPER(1)=S0(I1)
SLUCL)=YP(IIL)/7XP(I])
GO TO 24
YUORIGLI)=YO0(I1)
SUPPER( 1)=S0(11)

CONT INUE

LONER SURFACEs XI IN PERCENT CHORD
IF(MHALF +GT«1)G0 TO 22
READ14 ,NIB
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READ154(XIB(I)»YIB(I),5=1,NIB)
READ15,DERIXB,DERIYB, DERFXB,DERFYB
DO 19 I=1,NIB
19 XIB(I)=XIB(I1)-0.5
22 CALL ARC(XIB,YIBsX0OsY0+SIsSO+XP,YPsD1Y,D2Y»D3Y,DERIXBsDERFXB,
1DERIYS yDERFYBsNIBsNOs 1)«
IE(ITACT.EQ.1)GO TO 27
DO 20 I=ILE,IEND
II=i-ILE+]
DLWOLDCI)=0.
YLCI)=YD(II)
YLORIGAI)=YL(II)
20 SLLOID=YP(IIMI/XP(II)
GO TG 28 :
27 DO 29 I=ILE,{END
II=I-ILE+1
IF(1.LT.IBDLY)GO TO 37
IF(MHALF «GT.2)G0 TO 30
37 YL(I)=YO(II)
YLORIG(I)=YO(II)
DLWOLD(I)=0.,
SLOWER{1)=S0(I1I)
SLL{I)=YP(II)/XP(II)
GO TO 29
30 YLORIGEI)=YO(II)
SLOWER(CI)=SO(11I)
29 CCNTINUE
IF(IREADEQ«0)GO TQO 28
READ 217+{YUCI)sYLCI) +SLU(IL)sSLL(I)s I=ILE,ITE)
READ 217, (DUPOLD(I),DLWOLD(I), I=LLE,ITE)
217 FORMAT(5E15.7)
.28 DO 1 I=ILE,IEND
PRINT 35 X(I)eYUCI)aYL{I)+SLULI)sSLL(I)
3 FORMAT(S5F10.5)
1 CONTINUE
C FINDING COORDS IN ETA-PSI SYSTEM
DO 4 I=ILE,IMAXL
YULIL)=ATAN(YU(I)/A1) /P12
4 YL(I)=ATAN(YL(I)/Al}/PI2
IFCINV <EQ.0)RETURN

€€
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143

103

339

100

101

102

IF(IREAD.EQ.1«ANDMHALF.EQ.1)G3 TO 103
IF(MHALF .EQa1)RETURN

IF(MHALF +GT+3.AND.ITERP.EQ+1)G0 TGO 100
CONT INUE

READ(5,5)(CPU(I)oI=I1 LITE)
CPU(CI11)=0.0

READ(5 +53(CPL(1)sI=11 +ITE)
CPL(I11)=0.0

ITEPI=ITE+1

DO 339 I=ITEP1,IMAX

CPUCI)=0.

CPL(I1)=0.

FORMAT(8F1043)

CONTINUE

PRINT 101

FORMAT (1HO, 20X+ "UPPER CP INPUT")
PRINT S5,(CPU(I)JI=11 ,ITE)

PRINT 102

FORMAT(1H0,20X+*LOWER CP INPUT®)
PRINT S,(CPL(I),I=I1 ,ITE)
RETURN

END
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SUBROUTINE VISACT

00000601

C 00000602
C #&kkkxkkkk COMPUTES BOUNDARY LAYER WHEN VISCOUS INTERACTION INCLUDED 00000603
C ¥k k% kKX IN THE ANALYSIS CASE sk ko ok k 00000604
C 00000605

REAL M,NEW 00000606

COMMON CPU{99) sCPL(99),E(99) ,DU1(99)+sDU2(99) sDL1(99)+DL2(99),D{99)-00000607
1sFF(99)+FFPLI2(99)+sFFM12(99) +FFML (99) sFFM32{(99)» 00000608
1P1(99) sP2(99) sPB(99)sP(99+99)sRS(99) »S(99) »SUP(I9) ,SUBL99) ., TEMP(9900000609
2)sX(99 05, Y(99) s YU(99), YL(99) »SLU(99)+SLL(99), 00000610
3A1sA2s Al29ALP+CIRSEPSWEPSS+DESDS»DP+DPM,F4FP12,FM12,FM32.M,QI,Q12,00000611
4WsX19X2,VVJIByVVJIB1+AAJBL1,AAUB,QQJB>QQJBL1»UUJB.VVIBPl»QQJBP1,AAJBP100000612
59QeQQeUUJBLSPI»PI2+sA225A11X4,54 ' 00000613

COMMON I+ITE,ITELSILE,ILEL +11,1114+ICONsIMAX,IMAX1,INVsJBsJALlsJBlsy 00000614
1JMAX » JCON2JMAX1 s NSSP, I W 00000615

COMMON/ZNA SH/RNs I BDLY » ITACT ,YUORIG(99) s YLORIG(99) » SUPPER(99),SLOWERO0000616
1{99)>DEL(99)DUPCLD(99)»DLWOLD(99),CDF 00000617

COMMON/DELTA/ITER 00000618

COMMONAIPT1/XIBDLYsRDEL s RDELFN,RCPBs SP4XSEP,CONV,CPBs XMON, XLSEPs 00000619
1 MITERSLP,L,ITEUPCHITELWCy XPC 00000620

DIMENSION UE(99) sDSS(99),DUDS(99),YUN(99)» YLN(99),EM(99) 00000621
DIMENSION XI(99),YI(99),X0{99),Y0(99),SI(99),+S0(99),:XP(99),YP{99),00000622

1D1Y(990,D02Y(99) +D3Y(99),XIB(99),YIB(99) 00000623
DIMENSION HS{99) yXOR(99) 00000624
DIMENSICN CPUTL99),CPLT(99) 00000625
SEPMK=0 00000626
IF(IMAX.GT«55)RDEL=RDELFN 00000627
ISIDE=0 00000628
ICYCLE=1 00000629
1CYBOT=1 00000630
CALL PRESS 00000631
IF{DPM<LE.CONV)GO TO 5009 00000632
IF(ITERGE-(MITER-1))GO TO S009 00000633
GO TO 5005 00000634

5009 DO 5006 J=ILE, IMAX] 00000635

CPUT{JI=CPU(J) 00000636

5006 CPLT(JJI=CPL{J) 00000637
5005 CONTINUE 00000638

DO 500 J=ILE,ITE 00000639

YULJDI=AL*TAN(PI/2.%YU(J)) 00000640
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500

4001

4002

1000

YL(J)=A1*TAN(PI/Z2.%xYL(J))
TR=0.3424%

TE1=5.E-03

TE2=5.E-05

LMON=IMAX1/2+1

LMON=L MON+1
IFCX(LMON).LT.XMON)GO TO 4001
LSEP=1IMAX1/2+]

LSEP=LSEP+1

IF(X(LSEPD) «LT.XLSEP)GO TO 4002
CM=1 o+ d2%kM%k %2

IF(ITER/LPXLP.EQ.ITERIPRINT 1,4RN
1 FORMAT (1HO»10X+*BOUNDARY LAYER ANALYSIS FOR REYNOLDS NO. OF

132/7+5Xs" X* 49X
210X *H®*s9IX»*"PI',5X,'TAU?)
ISIDE=ISIDE+1
SEPMK=0
BO 2 J=ILESLITE
DEL(JD)=0.
IF(ISIDE.EQ.2)GO TO 3
CP=CPU((J)

*5E10Q.
"M' 48X+ *DELSY" »4X,*THETA',3X+"*SEP",

TEST=(Se* (CM/(late7*kCPEMEX2) %% (,2857143)—1.))

EM{J)=0.
IFCTESTeGT«0.)EM(J)=SQRTITEST)
DD=1 e+« 2*%EM(J) %%2

T=CM/DD

UE(J)=EM(J)/M*SGRT(T)

GO 70 2

CP=CPL(J)

GO TO 4

CONTINUE
IFCISIDESEQe1)USTR=VE(ITE)
ILEP1=ILE+1

DO S J=ILEP1,ITYE
IFCISIDE«EQ«2)GO TO 6
DSS(J)=SUPPER(J)-SUPPER(J-1)
GO 70 S

DSS{ J)=SLOWER(J)-SLOWER(J4—-1)
DUDS(J)=CUE(J)-UE(J-1))/DSS(J)
DT=1.
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30

40

41

50

SEPR=0.

HH=0 «

IBDS=ITE-1

DD 200 J=IBDLY,IBDS
EMT=(EM(J+1)}+EM(J))/2.
UESA=(UE(J+1)+UE(J) )/ 2.

VN=]1 et « 2*EMT*%¥2

T=CM/VM
RFT=UESAX(T+TRI*T/(1«+TR) *RN
IF(JeNE.IBDLYIGD TO 30
THET1=3204/RFT

THET2=THET1

GE=6.5

FC=1l o+ e 066 %EMTX%2—,008%EMT %%3
FR=1 o— ¢ 134 ¥EMT .24+, 027%EMT %k %3
IND=0

IND=IND+1

IF(THET]1 oL Tel«E—06)THETI=1.E-06

IF(FReLT.0.)FR=ABSI(FR)
IF(RFT 4L T o0+ )RFT=ABS{RFT)

TAU= (FCx(2+4711¥ALOG(FR*RFT#*THET1 ) +4e75) %1 «5*%GE#1724 ./ (GE*¥2+

12004)-16.87)
IF(TAULT+04) TAU=—TAU
TAU= 1« ATAUXX2
FB=1¢/(1.—GE*SQRT(TAU))
H=(HB+ 1) *¥(1o+e 1 78*%EMT*%2)—1,
SEP=—THET1*DUDS{J+1)/UESA
IF(SEP «LT+SP)GO TO 41
IF(X( J+t1) LT« XSEP)SEP=5P
PII=H®SEP/TAU
IF(PII el Te~1.5)PII=—1,5
IF(PII «GTel.E4)PII=1.E4
CONT INUE
G=641%SQRT(PII+1.81)~1.7
T2=ABSC(G~GE)/GE)

GE=G
bT2=DT
DT=(H+2.—EMT*¥2)*SEP+TAU
IF(IND4GT.1)GO TO 100
THY=THET2
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THET1=DT#DSS( J+1 ) +THT 00000721

THET1= e S*{THET14+THT) 00000722
GO TO 40 00000723

100 DT=(DT2+DT) /2. 00000724
TI=ABS((DT-DT2)/DT) 00000725
IF(TILT.TE2)GD TO 120 _ " 00000726

110 THETLI=0T#DSS(J+1)+THT 00000727
THET1= o 5%( THET14+THT) 00000728
IFLIND «LE +500)G0 TQ 40 00000729
IF(PII«EQe~1.5)GO TO 130 00000730

GO TO 130 00000731

120 IF(T2.GE.TELIGO TO 110 00000732
130 THET2=DT#DSS{J#1)+THT 00000733
THET 1= 5% ( THET24+THT) 00000734
SEP=—THET1%*DUDS{ J+1)/UESA 00000735
SEPR=( SEPR*DSS(J+1)+SEP*DSS(J) I/ (DSS(J)I+DSS(J+1)) 00000736
HH=( HHEDSS( J+ 1) +H¥DSS(J) ) /(DSS{J)+DSS(J+1)) 00000737
DELS=HH*THT 00000738
DEL(J)=DELS : ' 00000739
IF(DEL{J) eGTe0e1 )DEL(J)I=041 00000740
HS{J)=HH . 00000741
IF(ITER/LP*LP.EQeITERIPRINT 10,X(J)s EM(J) s DELSsTHT s SEPR+HHsPII,TAUOO000742

10 FORMAT(9F10.5,110,F10e5) 00000743
205 CONTINUE 00000744
9 CONTINUE 00000745
IF(J«EQ.IBDS)GO TG 200 00000746
SEPR=SEP 00000747
HH=H 00000748

200 CCNTINUE _ 00000749
SEPR=- SEPR+ 2. *SEP 00000750
HH=HS( ITE-1)#{(DSS(ITE)}/DSS(ITE=1) )*(HS(ITE-1)-HS(ITE-2)) 00000751
HS(ITE)=HH 00000752
DELS=HH*THET2 00000753
DEL( ITE)=DELS 00000754
IF(DELCITE) «GT«0e1)DEL(ITE}=0,1 00000755
IF(ITER/LP*LP.EQ.ITER)IPRINTLIO0sX{ ITE) EM{ITE) +DELSs THET2,SEPR, 00000756
*HHePII s TAU 00000757
202 IF(ISIDE.EQ.2)G0 TO 203 00000758
EMSTR=EM{ITE) 00000759

HSTR=HH 00000760
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170
203

2180

2185

2190

2200

171

173

TSTR=THET2

DO 170 J=ILE, IBDS
IF(DEL(J+1) oL TDEL(J) IDEL(J+]1)=DELIJ)
CONT INUE

IF(ISIDE.EQ.1)GO TO 2200

J=ILE

J=Jd+1

IF(DELAJ+1) .LT.DEL(JYIGO TO 2185
IF(J.LT,IBDS)GO TO 2180

GO TO 2200

IF(X{J2.GT«XPC)GO TO 2190
DEL(J+1)=DEL(J)

GO TO 2180

J=zJ+1l

IF(J.GT.IBDS)GO TO 2200
IF(DELGJ#1)«GTDEL(JDIDELL{I+1)I=DEL(J)
IF(J L. TLIBDS)GO TO 2190

CONT INUE

ISMOTH=2

IF(IMAXeGT«55) ISMOTH=4

DD 171 JJ=1,ISMOTH

OLD=DEL(ILE)

ILEP2=WLE+2

DO 171 J=ILEP2,ITE

NEW=DEL(J-1)
DEL(J=1)=+25%(OLD+NEWHNEWHDEL(J) )
OLD=NEW

FAC=—-DSS(ITE)/DSS(ITE-1)

DEL(ITE)=FAC*DEL(ITE-2)+(1~-FAC)*DEL(ITE-1)

DO 172 J=ILEP1,18DS
SLOPE=SLU(J)
IF(ISIDE«EQe2)SLOPE=SLL(J)
CO=ABS{ATAN(SLOPE))

C0=C0sfca)

IF(ISIDE.EQ.2)GO TO 173
DY=DUPQOLD(J)+RDEL*(DEL (J)-DUPDOLD (.J))
YUL{JI=YUDRIG( J)+DY/CO

DUPDLD(J)=DY

GO TO 172

DY=DLWOLD(J)+RDEL*(DEL (J)-DLWOLD(J))
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172

175

204

5001

5002

501

5003

YL{JI=YLORIG(J)-DY/CO
OLWOLD(J)=DY
GO TO 172
CONTINUE
SLOPE=SLUCITE)
IFC(ISIDE«EQ«2)SLOPE=SLL(ITE)
CO=ABS{ATAN{SLOPE))
CO=C0S(COo)
IF(ISIDE«.EQe2)GC TO 175
DY=DUPOLD(ITE)+RDEL*(DEL(ITE)-DUPOLD(ITE))
YUCITE )=YUDORIG(ITE)*+DY/CO
DUPGCLDCITE)=DY
GO TO 204
DY=DLWOLD(ITE ) +RDEL*(DEL(ITE)-DLWCOLD(ITE))
YLUITE)I=YLORIG(ITE)-DY/CO
DLWOLD(ITE)=DY
CONTINUE
IF(ITEUPC.EQ.0)GO TO 5003
*X*X INSERT SEPERATED CORRECTION HERE IF DESIRED*%
*k SEPERATED COORECTIGCGN%x*
IF(ISIDE.EQ.2)G0 TO 5003
IF(ICYCLE«GT.1)GO TO 300
LMON=]I MAX/72+1
CPB=0.
DD 5001 J=LMON, IBDS
CPN=CPL(J)}
CPB=AMAX1 (CPB,CPN)
CONT INUE
CPB=0.6
PRINT 5002.CPB
FORMAT(* *,*'BASE PRESSURE COEFFICIENT = " ,F10.3)
IF(LSEPLEQITE)LSEP=ITE~1
LSEP1=LSEP+])
SLOP=(CPB—CPU(LSEP) )/ (5—X(LSEP))
DO 501 J=LSEP1,L,ITE
CPUCJI=SLOP*(X(J)—-XILSEP))+CPU(LSEP)
ICYCLE=ICYCLE+]
ISIDE=0Q
GO TO 1000
CONTINUE
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5004

300

5030

IF(ITELWC.EQ.0)GO TO 300
IF(ISIDE.EQ.1)GO TQ 300

*% LOWER SURFACE CORRECTION, IF DESIRED**
IF({ICYBOT.GTe1)G0O TO 300
IF(LSEP.EQeITE)LSEP=ITE-1

SLDOP=( CPB3—CPL(LSEP))/ ( «5—X(LSEP))
LSEP1=LSEP+1

DO 5004 J=LSEP1,ITE

CPL{ J)=SLOP*{ X{J)=X{LSEP)) +CPL(LSEP)
ICYBOT=ICYBQT+1

ISIDE=}

GO TO 1000

** END SEPERATED REGIGN CORRECTION *%
CONT INUE '
IF(ISIDE«LT.2)G0O TO 1000

XD(I. )=—05

XI{l13=—a5

YI(1)=0.

NI=ITE—[LE+2

DO 210 I=ILE.ITE

1I=I-ILE+2

XI(LL)=X(1)

XO(IL)=X(1)

YI(II)=YUC(I)

NO=NI

CALL ARCUXI oYI s XOsY0O9sSIsSOeXPsYPsD1YeD2YsD3Y 1005000516050 0eNIs
INOs 1)

0O 211 I=ILE,ITE

II=I-1ULE+2

YICILI=YL (D)

IF(1.LT.IBDLY)GO TO 211
SLUCI)=YP(II)/XP(II)

CONTINUE

IF(ITEUPC.EQ.0)GO TO 5025

L SEP1=LSEP+1

IF(XPCelLT+0.495)G0 TO 5029

DO 5030 J=LSEP1,ITE
IF(SLU(J)«GT«0.0)GO TO 5031

CONTINUE

GO TO 5025
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5031

5032

€029

5026
5025

5033

5034

5035

5036

5028
5027

DO 5032 I=J,,ITE

YULI)=YUu{J-1)

SLU(I)=0.0

GO TO 5025

CONTINUE

DO 5026 I=LSEP1,ITE .
YUCL)=YU(LSEP)+SLUCLSERP) *( X(I)=X{LSEP))
SLUCI)I=SLU(LSEPRP)

CONTINUE

CALL ARC(XIsYI+XO0sY05,SI+SOsXPsYPsD1Y4D2Y3D3Y30e0+0e0s—1e050400

INI.NG, 1)

DD 212 I=ILE,ITE

II=I-ILE+2

YULT)=ATAN(YU(I)/Z7ALl)/7PI2
YL{I)=ATAN(YL{I)/Z7A1)/PI2
IF(I.LT.IBDLY)GO TO 212
SLLCI)=YP(II)/XP(II)

CONTINUE

IF(ITELWC.£Q.0)GO TO 5027
LSEP1=LSEP+1

IF(XPC.LTe0+495)G0 TO 5036

CO 5033 J=LSEP1,ITE

IF(SLLEJ) eLT+0.0)GO TO 5034
CONTINUE

GO TO 5027

DO 5035 I=J,ITE

YLCI)=YL{J-1)

SLL(I)=0.0

GO TO 5027

CONTINUE

DO 5028 I=LSEP1,ITE
YLCI)=YL(LSEP)+SLLALSEP)*(X{I)-X(LSEP))
SLLC(I)=SLL(LSEP)

CGNT INUE

HBT=(HSTR+1 ¢)/(1e++s178%EMSTR*%2)—1,
HBB=(HH+1e)/(1e+e178%EM{ITE)I®X%2)—1,
COF=TSTR*(USTR*¥¥(2.5+ «S*HBT) )+ THET2%(UE(ITE) **(2 5+ +5%HBB) )
CDF=2 4 #CDF

IF(DPM.LE.CONV) GO TO S010

__IF{ITERGE.{MITER-1))GO TO 5010
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C
C
C

5010

5007
5008

* X

500

GO TO 5008 00000920

DO 5007 J=ILE,IMAX1 00000921

CPU(JI=CPUT(J) 00000922

CPL(J)=CPLT{J) 00000923

CONTINUE 00000924

RETURN 00000925

END : 00000926

SUBROUTINE BDLY 00000927

00000928

*kkkkkkk* COMPUTES BOUNDARY LAYER IN THE DESIGN CASE  *%%k¥% 00000929
00000930

REAL M,NEW " 00000931

COMMON CPU(99),CPL(99)+E(99)+DUL({99) +DU2(99)sDL1(99),DL2(99),D(99)00000932

1sFF(99 )+ FFP12(99) sFFM12(99) FFM1 (99) FFM32(99), 00000933
1P1{99) +P2(99) sPB{99),P(99599),RS{99) »S{99) »SUP{99) ,SUB(99)+ TEMP(9900000934
2)+X(99) s Y(99) s YU(99)» YL(99) «SLU(99) s SLL(99), 00000935

3A15A2,AI25ALP yCIRSEPS,,EPSSyDEsDSsDP+DPMsFsFP12,FM12,FM32,M,QI»QI2, 00000936
4W.X13sX29VVJBsVVIBLlsAAUB1 »AAIB»QQJUB,QQJB1l+UUJIBVVJIBP1,QQJBP1,AAJBP100000937

55QsQQsUUJBL sPI+PI2,A22,A11,4X4,54 00000938
CCMMON I»ITEeITEL1«ILEsILEL1+I12111+ICONyIMAX,IMAX1sINV,JBsJA1+JB1s 00000939
1JMAX s JCONs JMAX1 s NSSP, I W 00000940
COMMON/NASH/RN. IBDLY+ ITACT » YUORIG{99 )+ YLORIG(99) , SUPPER(99) + SLOWER00000941
1(99) +DEL{99) ,DUPOLD(99),DLWOLD(99) ,CDF 00000942
COMMONADELTA/Z ITER 00000943
CCMMONAIPT1/XIBOLY s RDEL s RDELFN,RCPB, SP,XSEP, CONV ,CPB, XMON» XLSEP, 00000944
1 MITER+LPsITEUPCs ITELWC, XPC 00000945
DIMENS ION UE(99) +sDSS(99)+sDUDS(99) s YUN(99) ., YLN{99),EM(99) 00000946
DIMENS ION HS{(99) 00000947
DIMENSION XI(99)5sYI(99),X0(99)+Y0(99),SI(99),XP(99),D1Y(99), 00000948
1D2Y(99),D3Y(99) 4 XIB(99)+YIB(99),50(99) »YP(99) 00000949
ISIDE=0 00000950
LSEP=ITE 00000951
SEPMK=0 _ 00000952
ICYCLE=1 00000953
DO 500 J=ILE,ITE 00000954
YUN{ J)=YU(J) 00000955
YLNCJ)=YL(J) 00000956
TR=0.3424 00000957
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1 FORMAT(1H1+10X+*BOUNDARY LAYER ANALYSIS FOR REYNOLDS NO.

YE1=5.E-03
TE2=5.E-05
CM=1 ot o 26 ME®2

OF

*3yE10.

13977 35X " XT 99X 'Y s GX» "YNEW?® 48X "M*3 8Xs 'DELS' 24X+ * THETA® s 3Xs *SEP?,

210X2"H" 49X 'PI*»,5Xe*TAU")

1000 ISIDE=ISIDE+1

PRINT 1sRN

DO 2 J=ILELITE

DEL(J)=0.

IF(ISIDE«.EQ.2)G0 TO 3
CP=CPULJ)
TEST=(Se*(CM/(1 e+ 7¥CPXM¥%2) %% (42857143)—1e))
EM(J)=0.
IF(TESTeGTe0e)EM{JI=SARTITEST)
DD=1 e+ « 2%EM(J) &% 2

T=CM/DD

UECJ)Y=EM(J)/M*SQRT(T)

GO TG 2

CP=CPLEI)

GO TO 4

CONT INUE
IF(ISIDE«EQel1IULSTR=VUE(ITE)
ILEPI=1LE+1

XI{1)=-«5
YI{1)=0.

NI=ITE-ILE+2

DO 210 I=ILELITE
II=I-ILE+2
XICII)=X{I)
XO0(I1)=X(I1)
YI(IId=YUCI)
NO=NI

CALL ARC(XIsYIsXOsYO» SISO+ XP»sYPD1YsD2Y3sD3Y+060+0e0+104+40.04NIs

INO»1)

DO 211 I=ILELITE
[I=I-1ILE+2
YICII)=YL(I)
SLUCI)=YPL{II)/7XP(II)
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211

30

40

41

SUPPER({I)=S0(11)

CALL ARC{XI +sYIoXO+Y¥0sSI SO+ XPsYP3D1YsD2Y9sD3Y4064040e035~1405040

1NIsNO, 1)

DO 212 I=ILE,ITE

II=I-ILE+2
SLL(I)=YP(II)/XP(II)
SLOWERCI)=SD(I1)

DO 5 J=ILEP1,ITE
IF(ISIDE.EQ.2)G0 TO 6

DSS( J) =SUPPER(J)—-SUPPER( J—1)
GO TO S

DSS( J)=SLOWER(J)—SLOWER( J—1)
DUDS{ JI=(UE(J)—-UE(J-1))/DSS(J}
DT=1e '

SEPR=0.

FH=0 .

IBDS={ TE-1

DO 200 J=IBOLY,IBDS
EMT=(EM(J+1)+EM(JII/2.
UESA=(UE(J+1)+UE(JI)/2.

VM=] e+ e 2KEMT%%2

T=CM/VM

RFT=UESA*X(T+TR) *T/{1.+TR) *RN
IF(J«NE.IBDLY)GO TO 30
ThHET1=320./RFT

THET2=THET}

GE=6.5

FC=1e# 0 066FEMTX%X2— .00 8BXEMT %43
FR=1 o— o 134 ¥EMT* %2+, 02 7*EMT %% 3
IND=0

IND=ING+1

TAU=1 e A{FC*( 24711 *¥ALOG(FR*RFT*THET1)+4¢75) 41 «5*%GE+1724./(GE*%*2+

1200. )- 16.87 )**2
HB=1+/01.-GEXSQRTATAU))
H=(HB+ 1) *¥(1le+te178%EMT%%2)—1,
SEP=-THET1%DUDS( J+1)/UESA
IF(SEP LTLSP)GO TO 41
IF(X(J+1) +LTeXSEP)SEP=SP
PIlI=H®SEP/TAU
IF(PIT el Te—15)PI1I=—1.5
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50

100

160

120
130

10

IF(PII«GTeleE4)PII=1+E4
CCNT INUE
G=6+1%SQRT(PII+1e81)—1.7
T2=ABS(({G~GE) /GE)

GE=G

DT2=DT

DT=(H+2.—EMT*%2) *SEP+TAU
IF(IND+GT.1)GO TO 100
THT=THET2
THET1=DT*DSS(J+1)+THT
THET 1= ¢ S¥(THET1 +THT)

GO TO 40

DT=(DT2+DT) /2.
TI=ABS((DT-DT2)/DT)
IF(TI.LT.TE2)GO TO 120
THET1=DT¥*DSS(J+1 )+ THT
THET 1= «5*%( THET1+THT)
IFCIND LE«S00)GO TD 40
IF(PII¢EQe—145)G0 TO 130
PRINT 160

FORMAT (* PROSBLEMS®)

GO TO 130
IF(T2.GE.TE1)G0O TO 110
THET2=DT#DSS(J+1)+THT
THET 1= oS (THET24 THT)

SEP=—THET1%DUDS{ J+1)/7UESA
SEPR=(SEPR¥DSS{J+1)+SEP*DSS(J) I/ (DSS(J)+DSS(J+1))
HH={HH*DSS( J#1)4H*DSS(J} ) /7{DSS{(J)+DSS(J+1))

DELS=HHXTHT
DEL({ J)=DELS

[IF(DEL(J) «GTe0.1)DEL(J)=041

HS(J)=hr
IF{ISIDE.EQ.2)GO TO 8
SLOPE=SLU(J)
CO0=ABS(ATAN(SLOPE))
CO=C0S(C0)

YUN{ J)Y=YU(J)-DELS/CO

PRINT 10eX{J)sYU(J)sYUNCJ) sEM(J)+DELSsTHT s SEPRHHPII

1IND» TAU
FORMAT(9F 105+110:.F10.5)
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IF(SEPMK+EQel1)GO TO

IF(SEPR.GT«SP)LSEP=J

205

IF(LSEP.NE.ITE)SEPMK=1

205 CONTINUE
GO TO 9
8 SLOPE=SLL(J)
CO=ABS{ATAN(SLOPE))
C0=C0sS{CO)

YLN(J)=YL(J)+DELS/CO
PRINT 10sX{J)}oYL(J)sYLN(J)EM(J) yDELSsTHT s SEPRsHH.PII,

1IND,s TAU
9 CONTINUYE

IF(J.EQ.IBDS)GD TO 200

SEPR=SEP
HH=H

200 CONTINUE
SEPR=—SEPR+2.*SEP

HH=HS( ITE-1)+(DSS{ITE)/DSS(ITE-1))I*(HSUITE-1)-HS(ITE-2))

HSC(ITE)=HH
DELS=HH*THET2
DEL(ITE)=DELS

IF(DEL(ITE) eGTe0«1)DEL(ITE)=0.1

IF(ISIDE.EQ.2)GO TO 201

SLOPE=SLUCITE)
CO=ABS(ATAN(SLOPE))
CG=Cas (CQ)

YUNCITE)=YU(ITE)-DELS/CO
PRINTLO+X{ITE) s YULITE) sYUN({ITE)»EM(ITE) ¢ DELS+ THET2, SEPRyHH,PI 1,

1IND» TAU
GO TO 202

201 SLOPE=SLLCITE)
CO=ABS(ATAN({SLOPE)})
C0=Cc0s{Ca)

YLNCITE)=YL(ITE)4DELS/CO
PRINT 10y XCETE) s YLCITED s YLNL{ITE) sEMUITE) »DELS»THET2,SEPRsHH-PII

1IND»TAU .
202 IF(ISIDE.EQ.2)G0 TO

EMSTR=EM(ITE)

HSTR=HH

TSTR=THET2

203
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170

203

2180

2185

2190

2200

171

180

173

DO 170 J=ILE,IBDS
IF(DELLJ+1) LT DEL(J)IDEL(J#1)=DEL(J)
CONTINUE

IF(ISIDE«EQ.1)GO TO 2200

J=ILE

J=J+1

IF(DELAJ+1) .LT.DEL(J))IGD TO 2185
IF(J.LT.IBDS)GO TO 2180

GO TO 2200

IF(X(J)eGTXPC)GO TO 2190
DEL(J+1)=DEL(J)

GO TO 21890

J=Jd+1
IF(DELC(J+1)+GTDEL(J))IDEL(J+1)=DEL(J)
IF(J.LT.IBDS)IGO TO 2190

CCNTINUE

ISMOTH=2

IF(IMAX.GT<55) ISMOTH=4

DO 171 JJU=1,ISMOTH

OLD=DEL{ILE)

ILEP2=ILE+2

DO 171 J=ILEP2,ITE

NEW=DEL{J—-1)
DEL(J-1)=.25%(DLD+NEW+NEW+DEL(J))
OLD=NEW

FAC=~DSS(ITE)/DSS(ITE-1)

DELCITE)}=FAC*DEL(ITE-2)+(1.—-FAC)*DEL(ITE-1)

PRINT 180

FORMAT (¢ X YOLD YNEW
DO 172 J=ILEP1,1IBDS

SLOPE=SLUCJ)
IF(ISIDE.EQ.2)SLOPE=SLL(J)
CO=ABSCATAN(SLOPE))

CO=Co0sq¢Cco)

IF(ISIDE.EQ.2)GO TO 173
YUNCJD)=YUCJ)-DEL (J)/CC

PRINT 174 +X{J)sYULJ)s YUN{J)DEL(J)
GO TO 172

YLNC(J)=YL(J)+DEL (J)/CO

PRINT 174 XC(JDsYL(J)s YLN(J)DEL(J)

DELSTAR?')
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174
172

175

204

3010

3012

3011
3013

FORMAT{4F1045)
CONT INUE
SLOPE=SLU(ITE)
IF(ISIDE.EQ.2)SLOPE=SLL{ITE)
CC=ABS{ATAN(SLGPE))
C0=Ccos(cn)
IF(ISIDE«EQe23GC TO 175
YUN( ITE)=YUUITE)-DEL(ITE)/CD
PRINT 174 +XCITE) «YUC(ITE) sYUN(ITE) +DEL(ITE)
GO TO 204
YLNCITE)=VL({ITE)+DEL(ITE)/CO
PRINT 174 X(ITE)sYL(ITE) »YLN(ITE) +DEL(ITE)
IF(ISIDE.LT.2)1G0O TO 1000
HBT=(HSTR+14)/(1le+e178%EMSTR*%2)—1.
HBB=(HH+1e)/(1le+s178%EM{ ITE)*%x2)—1,
CDF=TSTR*(USTR*%(2+5+ ¢ S5¥HBT) ) +THET2%(UE(ITE) *%( 25+« 5%HBB) )
CDF=2.,%CDF
PRINT 3010,CDF
FORMAT(1HO+* CDF = ',Fl0.6)
IF(X(LSEP)«GE«XSEP)GO TO 3011
PRINT 3012, X{LSEP)
FORMAT(1H »'UPPER SURFACE SEPARATION DETECTED AT !',F10.5)
RETURN
PRINT 3013.XSEP
FORMAT(1H »*NO UPPER SURFACE SEPARATION BEFORE'.F10.5)
RETURN
END
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SUBROUTINE VALUE

ok kkkkx

REAL M

THIS DETERMINES THE INITIAL SOLUTICN **%x%x%

00001185
00001186
00001187
00001188
00001189

COMMON CPU(99) ,CPL(99)E(99) sDUL(99)sDU2(99)sDL1{(99),DL2(99):D(99)00001190
1eFF(99)sFFP12(99) FFM12(99) ,FFM1 (99) ,FFM32(99),
1P1(99) +P2(99) +PB(99)+P{99+993+RS5(99)+5(99) ,SUP(99)sSUB(G9I) s TEMP(9900001192
2) s XU99) + Y(99) s YUCI9)» YL{99) 5, SLU(99), SLL(99),
3A13A2,AI2ALP sCIRVEPS yEPSS+DEsDS+DP+DPMyFsFP12,FM12,FM32,M,Q1,Q12,00001194
4W s X13X2,VVJIBsVVUB1:,AAJB1 ,AAUB»QQJIB,QQAJBI1 ,ULUJIB.VVJIBP1,0QJBPL1,AAJBP10000119S5
5sQsQQsUUJIBL1 +PI,PI2,A225A114X4,54

CCMMON I, ITE+ITELsILESILE] oI11+XI11,ICON,IMAX,IMAX]1,INV,JBsJAl,JB1l,

1IMAX s JCONW+JMAX] s NSSP» I W
CCMMONAF IPUT/IREAD
INITIALIZES VALUES
IF(IREAD.EQ.0)GO TO 3
DO 4 JJd=1,JMAX
JEIMAX—-JJ+1]

READ Se(P(IsJlel=1,IMAX)

S5 FORMAT(S5E15.7)

4 CONTINUE

READS, (PB(I)s I=1,IMAX)

RETURN

3 CONTINUE

DO 1 I=1,IMAX

PB(I)=0.0

DO 1 J=1,JMAX
1 P(IsJ)=0.0

RETURN
END
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SUBROUTINE SOLVE{(JL,JU) 00001216
00001217

*kxkkkk¥xx THIS SUBROUTINE SETS UP THE COEFFICIENTS USED IN THE **%¥*¥00001218
RELAXATION SOLUTION e e ok ok ok kX 00001219

00001220

REAL MsML 00001221

300

COMMON CPU{99),CPL{99) +E(99),DUL (992 ,DU2(99) ,DL1({99),DL2{99),D{99)00001222

1, FF(99)+,FFP12(99)FFM12{(99) ,FFM1 (99) 2FFM32(99),

00001223

1P1(99) +£P2(99) +PB(99) 4P (99599) 1 RS(S9) +S5(99) »SUP(99) +SUB{99) ,TEMP (9900001224

2)3X(99),¥Y(99)5YU(F9)» YLI99) »SLU(99)+SLL{(99),
3ALsA2, ATI24ALP +CIRSEPS+EPSS+DE+-DSsDP,,DPMF ,FP12,FM12,FM32,M,Q1,Q12,00001226

00001225

4W3sX1+sX2,VVJUBVVIBLl,»AAUB1,AAUB»QQJBsQQJUBL1+UUJB,VVIBP1,»QQJBP1+AAJBP100001227

S59sQ:sQQsUUJBLSsPI +PI2+A22+A11,5X4,54

CONMON I,ITESITELLILESILE]l ,I1,I11sICONsIMAXsIMAXL1sINVsJBsJALl,JB1,

1JMAX s JCON s JMAX]1 e NSSPIW
CCMMON/ZADAM/VJBs VJB1, VJUBPL

COMMONAJS/GG(99) sGGP12(99) +GGM121(99) » GGM32(99)+GGP32(99),A3

DST2=24*%DS

DET2=2 +*DE

DEDE=DE*DE

DSDS=DS*DS

DSDE=DS*DE

FDS=F/DS

DO 3 J=JL.JU

IF{I.NE.ILE1)GO TQ 300
IF(J.NE«JB—-1)GD TO 300

hLD=P( ILE.JB)

P{ILE.JB)=PB(ILE)

CONTINUE

G=GG(J)

GP12=G6GP12(J)

GM12=GGM12(J)

GDE=G/DE

U=QI *{ COS(ALP) +F*(P(I+1+J)-P1{J) )/ (2.%DS))
V=QI*( SINCALP)+G*{P(1+J+1)-P{1,J-1))/(2+%DE))
IF(IW.EQe0)GO TO 6
IF(JeEQedB)V=V—-QI*(G*(CIR/{2.%DE)))
IF(JeEQeJdB-1)V=V—QI*(G¥*{CIR/(2.%DE)))
CONT INUE

Ul=u*y

00001228
00001229
00001230
00001231
00001232
00001233
00001234
00001235
00001236
00001237
00001238
00001239
00001240
00001241
00001242
00001243
00001244
00001245
00001246
00001247
00001248
00001249
00001250
00001251
00001252
00001253
00001254
00001255



es

11

10

VV=V*kV

Q=SQRTC(UU+VV)

QG=Q*Q

AA=AT2~0.2% (UU+VV-QI2)
IFCAAL Te0eO0IPRINT 1151I,5J
FORMAT ((* AA4LT«0.0 I=* 315, J = ', 15)
IF(AA.LT.0.0)G0O TGO 21
IF(IWsEQeQ)GD TO 7
IF(JeNEeJBeANDaJeNE.JB-1)GO TO 9
IF(J.EQ.JB-1)GO TO 8
vvJs=vyv

vJB=V

AAJB=AA

aQJB=QaQ

uyuJds=uu

¢80 10O 7

VVJBl=VV

vJdBl=v

AAJBl1=AA

QaQJ81=qQaqa

uudBl=uu

GO TO 7

VVJBP1=VV

vJBP1=V

QQJBP1=QQ

AAJBP1=AA

GO TO 7

IF(J«EQ.JB+1)GO TO 10
CONTINUE

ML=(UU+VVI/AA
IF(ML<GT+1.0)GO TO 4
SUBSONIC POINT
FAV=1.,0%(FP12+FM12)
FPF=0.S5*%F*FAV
SUB(J-1)=(1.~-VV/AA)®GDE*GM12/DE

D(J)=—2.%¥(1—UU/ZAA)XFPF/DSDS/W—{1.—VV/AA)*G*x(GP12+GM12)/DEDE

1-EPS*¥FDS*U/Q*FM12/DS
SUP(J)=(1.—VV/AA)*GDE*GP12/DE

RS{J)I=(1e—UU/AA) *¥FX(—FP12/DSDS*P( 1+l 4 J)+FAV/DSDS*(1le~1e/W)
1¥P(I+J)-FM12/DSDS¥P(1—-1+J))+URV/AAXF DS*¥GDE*0 « S (P{I—-15J—1)

00001256
00001257
00001258
00001259
00001260
00001261
00001262
00001263
00001264
00001265
00001266
00001267
00001268
00001269
00001270
00001271
00001272
00001273
00001274
00001275
00001276
00001277
00001278
00001279
00001280
00001281
00001282
00001283
00001284
00001285
00001286
00001287
00001288
00001289
00001290
00001291
00001292
00001293
00001294
00001295



€9

200

S

2—PlI-1+J+1)-P(I4+15J=1)4P(1+1,J+1))
RS(J)=RS(J)+EPSEFDS*(U/Q*FM12%{—P (15 J)—P(I-1,J)+P1(J) }/DS)
IF(V.LE.0.0)GO TO 200
SUB(J-1)=SUB( J—1 )+EPS*FDS*V/Q*GM12/DE
D(J)=D(J)—EPS*kFDS®V/Q*GM12/DE
RS(J)I=RS(J)+EPSKFDS¥V/Q*GM12/DE*(P(IJ—1)=P{I,J))
GO TO 3
SUPY{ J) =SUF( J) —EP S¥FDS*V/Q¥GP12/DE
D(J)=D(J)+EPS*FDS%*V/Q*GP 12 /DE
RSCJI=RS(J)+EPS*FDSEV/Q*¥GP12/DEX(P{I 4J)~P(I,J+1))
GO T0 3
DAMPING COEFF IS EPSS AT SUPERSONIC POINTS
SUPERSONIC CASEs V GT 0
GM32=GGM32( J) '
NSSP=NSSP+1
GP32=GGP32( J)
IF(VeLT«0.0)GD TO 5
SUB(J~1)=UU/QQ*GDE*GM 12/ DE+EPSS*FDS¥V/Q*GM12/DE
D(J)I=—VV/QQ*FDS*FM12/DS—UU/QQ*GDE*(GP12+GM12) /DE-EPSS¥FDS*
1{U/Q*FM12/DS+V/Q*GM12 /DE )
SUP( J)=UU/QQ*GDE*GP12/DE

RS{JI=—(1—QQ/7AAY*(UU/QQ%F DS&(FM12¥(P(I1,J)~-P1{J))-FM32%(P1(J)-
1P2(J)))/DS+2.¥U*V/QQ%FXG*(P( 1, J)-P1{(J)-PLI+,J-1)+P1{J-1))/DSDE
2+VV/QQ¥GH(GMI12*¥(P(14+J)}-P{I+J—-1))-GM3I2%x(P{I,J-1)-P(1.,J-2)))7

3DEDE)

RS(JI)=RS(JI-VV/QQ*F*(FP12%(P(I+1+J)-P(1eJd))+FMI12%P(I—1+4))/DSDS
1+URV/QG*F*GX(P(I-1+J-1)}-P(I-1+J+1)-P(I4+1,J-1)+P(I+1,J+1))/DSDE

2%¥045

00001296
00001297
00001298
00001299
00001300
00001301
00001302
00001303
00001304
00001305
00001306
00001307
00001308
00001309
00001310
00001311
00001312
00001313
00001314
00001315
00001316
00001317
00001318
00001319
00001320
00001321
00001322
00001323

3+EPSS*Fx{(U/Q*FML2%(~P(L+J)—P(I-1,J)4P1(J))/DSDS+V/Q*xGM12¥(P(1,J-1)00001324

4-P(1,J))/DSDE)

GO TO0 3

SUPERSONIC CASE vV LT O
SUB( J-1)=UUr/QQ*G DE*GM12/DE

DCJ)I==VV/QQ*F DS*FM12/DS~UU/QQ*G DE*(GM12+GP12)/DE—-EPSS*F DS*

1{U/7Q*FM12/DS-V/Q*GP12/DE)
SUP(J)=UU/QQ*GDE*GP 12/DE—-EPSS*FDS*V/ Q*GP12/DE

RS{J)I==(1.-QQ7AA)* (UU/QQ*F DS*(FMI2%(P{I+J)-P1(J))-FM32%{(P1(J)~-
1P2{J))0/DS+2. ¥U*V/QQ*F *Gk (~P( I, J)+P1(J)+P(I,+J+1)-P1(J+1))/DSDE
2+VV/7QQ¥G¥(GP12%(P(1+J)—P(I1,J+1))=GP32*%(P(L1«J+1)-P(1,J+2)))/

3DEDE)

00001325
00001326
00001327
00001328
00001329
00001330

. 00001331

00001332
00001333
00001334
00001335



¥s

C
C
C

RS{JI=RSLI)I-VV/QQ¥FX{FP12%x{(P(I+1,J)-P(I,J))+FM12%P(I-1,J))/DSDS

00001336

L+U%V/QOkF*GR (PUI~10J=1)~P(I=1+J+1)~P(I+1,J=1)4P(I+1,J+12)/DSDE ggggizig
%0.
;+2PZS#F*(U/Q*FM121(—P(I.J)—P(I—l.J)+P1(J))/DSDS+V/G*GP12*(P(I,J)— 00001339
3P(1sJ+1))/DSDE) 00001340
IF(I.NE.ILE1)GO TO 3 00001341
IF(JeNE+JB-1)GO TO 3 00001342
PUILEsJB)=HLD gggg:g:i
3 CONTINUE
RETURN 00001345
21 DO 18 JJ=1,JMAX gggg:gzg
J=IMAX+1~dJ
PRINT 19,4 00001348
19 FORMAT ¢1H +'ROW ',15) 00001349
PRINT 205 (P(L+J)sI=1,IMAX) 00001350
20 FORMATE1H »10E11.3) 00001351
18 CONTINUE gggg:ggg
PRINT 19.JB
PRINT 20+(PB(I)sI=1,IMAX) 00001354
sToP : 00001355
END 00001356
SUBROUTINE PRESS 00001357
00001358
ok Rk THIS COMPUTES THE CP DISTRIBUTION ON THE AIRFOIL #%*%&%#%00001359
00001360
REAL M 00001361

COMMON CPU(99) 2 CPL(99),E(99):DU1(99)+DU2(99) sDLLIL(99)»DL2(99).D(99)00001362
1,FFC99)»FFP12(99).,FFM12(99),FFM1 (99) +FFM32(99), 00001363
1P1(99).P2(99)-PB(99).P(99,99)oRS(99)oS(99).SUP(99.§5UB(99).TEMP(9900001364
2) s XL99s Y(99) 9 YL (99)» YLLTF9) »SLU(99)+SLL(99), . 00001365
3A1 A2, AI2 4 ALP sCIREPS+EPSSDE«DS+sDPsDPMsFsFP12,FNLA2¢FM32,M2Q1,Q012, 00001366
4WsX19X2sVVJIBsVVIB1+AAIBL »AAUB»QQJUBIQQUB1 +UUJIB, YWIBPL,0QIBP1,AAIJBP100001367
€1QeQQrUUUBL SPLWPI2,A22,A11+X4,54 00001368

COMMON I15I1TEsITEL+ILESILE1 11,111 ICON,IMAX,IMX1elNV,JBsJAL1,JBLly 00001369
1UMAX+ JCON+JMAX]1 s NSSP, I W 00001370
COMMONY/F I X/MHALF 00001371



99

19

20

15

16

100

101

%OMMONANASH/RN.IBbLY-ITACT.YUDRIG(QQ)'YLDRIG(g‘).SUPPER(99)oSLDWER00001372

1(99),DEL(99),DUPOLD(99),DLWOLD(99),CDF
CCMPUTES CP ON AIRFOIL

IPRM=0

IF{ITACT.EQe1)IPRM=1
IPRM=IPRM+1
IEND=1IMAX1

JB2=JB-2

DO 1 I=ILE,IEND

TEMP2=YU(I)

IF(IGTLITE)YU(I)=0.0001

DO 2 J=JB2+JMAX1]
IF(YUCI)aGTeE(J) e ANDeYU(I)LE-E(J+1))IGO TO 3

COGNTINUE
JA=J+1

IF(JA.LE.JB)JA=UB+1

F=FF(1)

IF(IPRM.EQ.2)G0 TO 20
IF(I +GT.(ILE+10)GO TO 15

U=0.0

00001373
00001374
00001375
00001376
00001377
00001378
00001379
00001380
00001381
00001382
00001383
00001384
00001385
00001386
00001387
00001388
00001389
00001390
00001391

U=QI*( COS{ALP)+F*((P{1+1,JA-1)—P(I-1,JA-1))/(2.%DS)+{YU(I)-E(JA-1)00001392

1DR(P(I+1,3JA)—PLI+1,JA—1)-P(I-1,JA)+P(I-1+JA~1))/(2.%DS¥DE}))

GO TO 16
CONTINUE

U USING BACKWARD DIFFERENCE ON PHIX

00001393
00001394
00001395
00001396

U=QI % (COS(ALP)+F*((3+%¥P( 14 JA-1)—4¥P (I-1,JA-1)+P(I-2,JA-1))/(2.%DS00001397

1)+(YU(I)—-E(JA-1) )
1)R(P(I+1sJAY—PlI+1+sJA~1)-PLlI-1,JA)+P(I-1+JA—1))/(2+*%DS*DE)))

CONTINUE
UuU=U=xU

GB=A11/(1a+TAN(P IZ2%¥YU(I) )*x%2)
V=QI*(SIN(ALP)+GBX{ (—3 %P (I, JA-1 )44 %P (1, JA)—P(IsJA+1))/(2%DE)
1+(YUCI D-ECJA=1) ) *¥(P(I+JA-1)-2.¥P(IsJA)+P(1+JA+1))/(DE*%2)))

VV=Vxy

YULI ) =TEMP2
CPUCII=(1e/({0+s7F¥MEM)) ¥ {(1e+0e2%MEME{]1.—(UU+VV)I/QI2))*%*3,5-1)
ITEL=1ITE+1

DO 4 I=1LE1l.,IMAX

TEMP1=PB(I)

PB(I)=P(1,JB)

00001398
00001399
00001400
00001401
00001402
00001403
00001404
00001405
00001406
00001407
00001408
00001409
00001410
00001411



ag

21

17

18

102

103

S

11
200

201

P(IsJBI=TEMPI

JB2=J8+2

DO 5 I=ILE,IEND
TEMP2=YL(1)

IF(I «GT.ITE)YL(I)=-0.0001
DO 6 JJ=1.J48B

J=JB2-JJ

IF(YLCL)eGECE(J) cANDYL(I)oLTE(J+1))IGO TGO 7

CONT INUE
~SA=J

IF(JAGE.JB) JA=UB—-1

F=FF (1)

IF(IPRM.EQ.2)G0 TO 21
IFC(IL «GTL(ILE+1))GO YO 17

U=0.0

00001412
00001413
00001414
00001415
00001416
00001417
00001418
00001419
00001420
00001421
00001422
00001423
00001424
00001425
00001426

U=QI*(COSCALP)+F*((P(I+13JA+1)-P(I-1,+JA+1))/(2%¥DS)+(YL(I)-E(UA+1)00001427

GO TO 18
CONTINUE

U USING BACKWARDS DIFFERNCE SCHEME ON PHIX

1)%(P{I+1,JA+1)-P({I+1,JA)-PlI-1sJA+1)+P(1-1+JA))/7(2.%DS%DE)))

00001428
00001429
00001430
00001431

U=QI*(COS(ALP)+F ({3 ¥P( 14 JA+1 )4 %P (I—-1 +JA+1D}+P(I-2,JA+1))/(2.%DS00001432

CONT INUE
Uu=u%y

L)+(YLCI)-E(JA+])
LIR(P(I+1+JA+1)—P(I+14JA)—P(I-1+JA+1)+P{I-1+JA))/(2.%DS*DE)))

GB=A11/01+TANCYL{I)*PI2)*%2)

V=QI*( SIN(ALP)+GB*{ (3 e*¥P{I+JA+1)—4+%P(I,JA)+P(I1+JA—1))/(2.%DE)+
LIYLUID—E(JA+LII®(P(1+JA+L)-2.*%PL{I+JA)+P (I, JA—-1))/7(DEX*2)))

VV=VikV

YL(I)=TEMP2

CPLUII=(1e/{0e7*¥MEM) ) K({(1e+0e2¥MEMR(]1e—(UU+VV)I/QI2))I*%3e5-14)

DO 8 I=1LE1l,IMAX
TEMPLI=PB{I)
PBC(II=P(I,JB)
P{I,JB)=TEMP!
IF(ITACT.EQ.1)RETURN
IF(IPRM.EQ.1)PRINT 200

FORMAT{1H ,*CP BY BACKWARD DIFFERENCES")

IF(IPRM.EQs2)PRINT 201

FORMAT L 1H

»'CP BY CENTRAL DIFFERENCES?')

00001433
00001434
00001435
00001436
00001437
00001438
00001439
00001440
00001441
00001442
00001443
00001444
00001445
00001446
00001447
00001448
00001449
00001450
00001451



LS

C
C
C

PRINT 12
12 FORMAT(1H

2" X% 410X, "CPU®* ¢10X»*'CPL?)

PRINT }3,(X(I)|CPU(I)9CPL‘I)01=[LEQIMAX1)

13 FORMAT{1H

+3F10.3)

IF(IPRM.LT.2)GG TO 19

RETURN
END

SUBROUTINE FLOW1

Kok kk kKK

REAL M

SOLVES FLOW IN FRONT OF THE AIRFOIL

*ikkk

00001452
00001453
‘00001454
00001455
00001456
00001457
00001458

00001459
00001460
00001461
00001462
00001463

CCMMON CPU(C99) »CPL(I9)+E(99) ,DUL{99)»DU2(99)+DL1(99)+DL2[{99)+D(99)00001464
1:FF(99)+FFP12(99)sFFM12{(99) ¢FFML1 (99) 4FFM32(99),
1P1(99) +P2(99) +PB{99),P(99+99)sRS5(99)1»5(99) s SUP(99) »SUB(99) , TEMP (9900001466
2)9X{99)5Y(99) s YU(9F9)»YL(99)»SLU(99),SLL(99),
3A14AZ2,AI2+ALP s CIRIEPSWEPSS,DEsDS»yDP»DPMFsFP12,FM12,FM32,M,Q1 +QI2,00001468
4WsX19X25VVJIB,VVJIB1AAJBL ,AAJBSQQJIB,QQJB1,UUJB,VVJIBP1,QQJBP1,AAJBP100001469
S+GQsQQyUUJBL sPIaPI2sA224+A11 ,X4,54

CCMMON I+ ITESITEL»ILESILEL sI15111sICONyIMAX, IMAX]1+4INV,JBsJA1,JB1L,

1JMAX s JCON o JMAX1 s NSSPs I W
RELAXES FLOW IN FRONT OF AIRFOIL

NSSP=0

ISTAR=2
IF(MelLTwl1le0)GO TO 1
ISTAR=3

DO 2 J=1sJMAX
P1(J)=P(2,4)

2 P2(J)=P(1,J)

CONTINUE

AI=1117.0

AI2=AI*%2

QI=M*AI

CI2=QI **2

DO 1000 I=ISTAR,ILEl
F=FF (I}
FP12=FFP12(1)

00001465

00001467

00001470
00001471
00001472
00001473
00001474
00001475
00001476
00001477
00001478
00001479
00001480
00001481
00001482
00001483
00001484
00001485
00001486
00001487
00001488



86

FM12=FFM12(1) 00001489
FM32=FFM32(1I) 00001490

CALL SOLVE(2,JMAX1) 00001491
RS(2)=RS{2)-SUB(1)%P(1,1) 00001492
RS({JMAX1)=RSCJIMAX1I—SUP( JMAX1) *P(I,IMAX) 00001493

CALL TRID(2,JMAX1) 00001494

DO 6 J=2,JMAX1 00001495
DP=ABS{P(I,+J)—-RS(JI) 00001496
IF(DP+GT<DPM) ICON=1 00001497

IF{DP «GT «DPM) JCCN=J 00001498

IF(DP «GT«DPM)DPM=DP 00001499
P2(J)=P1(J) 00001500
P1(II=P(I,J) 00001501

6 P{I,J)FRS(J) 00001502
P2(1)=P1(1) 00001503
P2(JMAX)=P1 (JMAX) 00001504
P1(1)=P(I,1) 00001505
P1{JMAX)I=P{IsJMAX) 00001506

1000 CONTINUE 00001507
RETURN 00001508

END 00001509
SUBROUTINE COOURD 00001510

c 00001511
C  weokdokokkok SETS UP COORDINATES IN COMPUTATIONAL AND PHYSICAL GRIDS %00001512
C 00001513
REAL M 00001514

CCMMON CPU(99)-CPL(99D,E(99),DU1(99)sDU2(99)oDLl(99)'DL2(99)'D(99)00001515

12FF(99 3 FFP12(99),FFM12(99) +FFML1 (99) ,FFM32{S99),

00001516

1P11{99) ,P2(99) +PB(99) P (99+59)+RS5(99) »S(99)»SUP(99) ,SUBIL9I99) ,TEMP(9900001517

2)aX{99)+sY(99) 4+ YU(99) s YL(99) sSLU(99)sSLL(99)»

00001518

3A1+A2+ AI2,ALP +CIRSEPS,EPSS,,DE+DS»DPyDPM+F ,FP12,FM12,FM32,MsQl,QI2,00001519
GWe X1 X2+VVJIBsVVIB1+AAUBI yAAJB,QQJIBsQQJB1,5UUIBSVVIBPL1,QQJBP1,AAJBP100001520

SeQeQQsUUIBLPIAPI2,A22,A11 X454

CCMMON I'ITE.ITEI,ILEsILEI'IIsIIl-lCDN;IMAX;IMAXl-INVvJBsJAl-JBlv
1JMAX s JCON+ UJMAX]L s NSSP» I W

COMMONZF I X/MHALF
_COMMDN/JS/GG(99)+GGP12(99) »GGM12(99) yGGM3I2(99) ,GGP32(99).A3

00001521
00001522
00001523
00001524
00001525



[l

6S

997
999

il
12

13

14

16

DE=2.0/A(JMAX—1)"
IF(INV.EQ.0)GO TO 999

READ 9G67,X1,X2

FORMAT(2F 10e5)

CONTINUE

DS=2.%{1.+54) /( IMAX-1)

THIS PROGRAM DEPENDS UPON TRANSFORMATION USED
S(1)=-1.0-54

E(l.=—1¢0

SCIMAX)=1.0+S4

E(JMAX)=1.0

IMAX1=IMAX~1

JMAX1=JMAX~1

DO 2 [=2,IMAX1

SEI)=S(I-1)+DS

S3=-S5440.5%¥DS—0.01

DO 11 I=1,IMAX1
IF(S3eGE«S(I)eANDeS3.LTeS(I+1))G0O TO 12
CONT INUE

I13=1+1

131=13-1

IM=IMAX/2+1

14=IMAX—-131

141=14+1

DO 13 I=2,131
X(I)=—X4+A2¥TAN(PI2%(S(I)+S4))+A3XTAN(PI2*{S(1)+54)%%*3)
TERML= b 5*X4/54— 25%P [ *A2

TERM2=§ « SXPI*A2%S4—X4) /(24 %¥S54%%3)

DO 14 L=I3,14

X(I)=S(I)*( TERM1+TERM2*S (I )%*%2)

DO 16 I=141,IMAX]

X(I)=X4+A2¥TAN(P I2%(S{I1)—S54))4+A3*TAN(PI2*(S(I)-S4)%%x3)
DO 3 J=2.,JMAX1

ECJ)=EdJ~1)+DE

Y(J)=AL1*TAN(PI2%E(J))

PRINT &

FORMAT (/7 525X *X=Y GRID SYSTEM?*,//)
PRINT S5,(I+X{I),I=2,IMAX1)

FORMAT( 6(I5+E1244))

PRINT S5s{JsY(J)sJ=2,IMAX1)

00001526
00001527
00001528
00001529
00001530
00001531
00001532
00001533
00001534
00001535
00001536
00001537
00001538
00001539
00001540
00001541
00001542
00001543
00001544
00001545
00001546
00001547
00001548
00001549
00001550
00001551
00001552
00001553
00001554
00001555
00001556
00001557
00001558
00001559
00001560
00001561
00001562
00001563
00001564
00001565



09

18

“po 7 1=2,IMAX1 00001566

IFIX1eGEeX(I) eANDeX14LT.X(I#1))GO TO 8 00001567
CONT INUE 00001568
I1=1+1 00001569
SLE=—0.5 00001570
DO 9 1=2,IMAX1 00001571
IF(SLEGE aX(1) «ANDeSLESLE«X(I+1))GO TO 10 00001572
CONTINUE 00001573
ILE=1+1 00001574
QUAN1=S{2)+5S4 00001575
FF(2)= PI2*A2%(1«+TAN(PI2*%QUAN1I%%22)4+1.5%A3%(1.+TAN(PI2%¥QUAN1*%x300001576
1)%%2)% (QUAN1%*%2) %P [ 00001577
FF(2)=1./FF (2) 00001578
QUANI=S(2)+0.5%DS+S4 00001579
FFP12{2)=PI2%A2% (1 «+TAN{PI2¥QUAN1)I*%2)+1+5%¥A3%(1.+TAN(PI2*¥QUAN1%%¥300001580
1)*%2) % {QUAN1*%2) %P ] 00001581
FFP12(2)=1./FFP12(2) 00001582
QUANL1=S{2)-0.5%¢DS+S4 00001583
FFM12(2)=PI2%A2% (1 a+TAN(PI2%QUANL)%%2)+1.5%A3% (1 .+TAN(PI2%¥QUAN1%*%300001584
1)%%2 )% {QUAN1%%2 ) %P1 00001585
FEM12(2)=1./FFM12(2) 00001586
FFML1({20=0.0 00001587
DO 18 I=3,131 00001588
QUANL1=S(I1)+S4 00001589
FF(I)= PI2%A2% {1 +TAN{PI2%QUAN1)%%2)+1.5%A3%( )] +TAN(PI2%¥QUAN1%%300001590
1)%%2 )% (QUANL1**2) *¥PI 00001591
FF{I)=1/FF (1) 00001592
QUAN1=S{I)+0.5*%D5+S54% 00001593
FFP12(I1)=PI2%A2% (1++TAN{PI2¥QUAN1)*¥2)+1 +5%A3%(1.+TAN{PI2%¥QUAN1%*%300001594
1)%%2 )% (QUAN1*%2) %P 00001595
FFR12( L)=1./FFP12(1) 00001596
FFM12( I1)=FFP12{1-1) 00001597
FFMI(I)=FF(I-1) 00001598
FFM32(¢ 1)=FFM12¢(I—-1) 00001599
FFPI2(L31)=1/({TERMI+3 XTERM2%(S (I31)+0.5%DS)*%x2) 00001600
IM1=IM-1 00001601
DO 19 I=I3,IM 00001602
FFL{I)=1/(TERM]1 +3 *TERM2*S ([ )%*%2) 00001603
FFP12( L)=1/( TERM1+3.*TERM2%(S(1)+0.5%DS) *%2) 00001604

FFM12( [)=FFP12(I-1) 00001605



15@_,_‘?,—'_;«..)

TEFM1(1)=FF(I-1) : 20001606

19 FFM32(1)=FFM12(1-1) 00001607
FEP12( IM)=FFM12(1IM) 00001608

DO 800 II=2,IM1 - 00001609
I=IMAX—II+1 00001610
FE(I)=FF(I1) 00001611
FFP12¢ 1)=FFM12(11i) 00001612
FFM12( I)=FFP12411I) 00001613
FFMI(I)=FF(I1+1) 00001614

800 FFM32( I)=FFP12(1I+1) 00001615
GGP32( 2)=A11%COS(PI2% (E(3)+0.5%DE)) % %2 00001616
GG(2)=Al1%COS{PI2%E(2) )%*2 00001617
GGP12(2)=A11%¥COS(PI2% (E(2) +0.5%DE) ) **2 00001618
GGM12( 2)=A11*%COSAPI2*(E(2)—0.5%DE) )% *2 00001619
GGM32( 2)=040 00001620

DO 801 J=3s JMAXI1 00001621
IF(J.EQsJMAX1IGO TO 804 00001622
GGP32(J)=A11%COS(PL2% (E{J)+1.,5%DE))* %2 00001623

804 GG(JI=A11*COS(PI2%E(J) Ik*2 00001624
GGP12(J)=A11%COS(PI2% (E{J) +0.5%DE) ) **2 00001625
GGM12( JI=GGP12(J—1) 00001626

801 GGM32( J)=GGM12(J—1) 00001627
GGP32( JMAX1)=0.0 00001628
RETURN 00001629

END 00001630
SUBROUTINE FLOW3 00001631

c 00001632
C *kkkkkkkk  SOLVES FOW IN THE INVERSE REGION #%xkk% 00001633
c 00001634
REAL M 00001635
COMMON CPU(99) +CPL(99)+E(99)+DUL(99)+DU2(99) ,DL1(99),DL2(99),D(92)00001636
1.FF(99)«FFP12{99) FFM12(99) +FFM1 {99) 4FFM32(99) s 00001637
1P1(99) +P2(99) +PB(99) 3 P{99:99)+RS(99) s5(99) s SUP(99) » SUB(99) » TEMP(9900001638 -
2)15sX(990+Y(99) s YU(99), YL{99) +SLU(99), SLL(99), 00001639

3A14A2,AI2,ALPsCIRIEPSsEPSS 4, DE+DS+ DP s DPMsF»FP12,FM12,FM32,MsQ1,+QI2,00001640
4WsX1eX2+VVJIBVVIB1AAJBL1,AAUB,QGJBVQGQJIBLsUUJBVVIBPL,QQJBP1,AAJBP100001641
550+QQeUUJIBLsPI-PI2,A224A11,X4,54 00001642

L9



CCMMGON I ITE+ITE1+2ILESILEYL »I1,1114ICON,IMAXs IMAX]1,INV,JBysJA1,JB1»
1JMAX s JCON» JMAX]1 s NSSP, I W
CCMMON/BAKER/TEMP3 . TEMP4
COMMON/DELTA/ITER
COMMONAF I X/MHALF
C RELAXES FLOW IN INVERSE REGION

JA=JAL
IS=I1-2
DO 14 I=1S,IMAX

14 TEMP(I )=P(I,JB—-1)
00 3000 1=I1,IMAX]
IF(X{I)GEeX2)GO TO 3100

C FLOW- ABOVE AIRFOIL

JB2=uB-2
DO 3 JsJB2.JMAXI
IF(YULUT)eGT eE(J) sANDeYU(TI) sLE.E{J#1))GO TO 4

3 CONTINUE

4 JA=J+1
IF(JALE.JB)JA=UJB+1
F=FF (1)
FP12=FFP12(1)
FMI12=FFM12(1)
FMI=FFM1(1)
FM32=FFM32(1)
GB=A11/7(1+TAN(YU(I YRPL2)%%2)
VV=SLULT) *%2
Uu=1.0

29

00001643
00001644
00001645
00001646
00001647
00001648
00001649
00001650
00001651
00001652
00001653
00001654
00001655
00001656
00001657
00001658
00001659
00001660
00001661
00001662
00001663
00001664
00001665
00001666
00001667
00001668
00001669

4000 DUI(I)=—COS(ALP)+((1a/{1e+VV/UU) ) *(1 e—((1.4+0.7EMEMRKCPU(I ))*%0.2800001670

16-14)%S5e/(MEM) ) ) ¥¥0eS—Fk{ (—4e*¥P1{JA-1)+P2(JA—-1))/(2+%DS))
2-FR(YUCII—E{JA-1) ) *(P(I+15JA)-P{I1+1,JA-1)-PLl{JAI+PLI{VA-1))/ (2.
3*DS*DE)
DUI{I)=DUL(I)/(F%(1.5/DS))
4001 CONTINUE
DU2(LI)=—P(I1-,JA)+2.0%DULI(TI)
P{I+JA~1)=DUI(I)
P(I,JA-2)=DU2(1)
‘ CALL SCOLVE{(JAsJMAX])
[ RS(JAI=RS(JA)-SUB(JA-1)%P(]1,JA-1)
RS(JMAX1)=RSCJMAX]1)I-SUP(JMAX1)%P(I,JMAX)
LALL TRID(JAsJIMAXL1)

00001671
00001672
00001673
00001674
00001675
00001676
00001677
00001678
00001679
00001680
00001681

00001682



Wv—v-y

€9

4002 DUICT)=-COS{ALP) #({1 /{1 e+VV/UU) ) *¥(]l a—({14+0, 7%xMEMXCPU(1I
1612 %5/(MEM) ) ) ¥ %0 S—F¥{{—4¥P{I=-1+ JA~13+P(1~-25, JA-1))/(2.%DS))

2-FE{YULI)-E(JA=1))*(PL{I+1,JA)—P(I+1,JA-1)-P(I-1+JA)+P(I-1-JA-1))/
3(2.%DS*DE)
DUL(I)=DUI(I)/{F*(1.5/0S))

4003

3000
3100

DO 1 J=JAsJMAX]
OP=ABS{P(I,J)-RS(J))
IF(DP«GT«DPM) ICON=1I
IF(DP+GT<DPM) JCON=J
IF‘DP.GT-DPM)DPM=DP
P2(J)=P1( )
P1J)=P(1,J)
P(IsJI=RS(J)
JAM1=JA—-1

DO 2 J=JB,JAM1
P2(J)=P1(J)
P1€J)=P(1I,J)
VV=SLULI) *%2

uu=1.0

CONTINUE

DU2(I)=—P(I1,JA)+2.0%DULI(I)

P{(I,JA-1)=DUI(I)

"Pl{I,JA-2)=DU2(1)

P2(JMAX)=P1(JMAX)
PI{JMAX)I=P(I,JMAX)
JA1=JA

CONT INUE

JA=JB1

DO 5 I=1S,IMAX
P(I,JB—1)=TEMP{(I)
TEMP(I)=P(1,JB+1)
TEMP1=PB(1)
PBL1)=P(1,JB)
P(IsJBO=TEMPI1
TEMP1=TEMP4
TEMP4=P1(J4B)
P1(JBI=TEMP1
TEMP1=TEMP3
TEMP3=P2(JB)
_P2(JB)=TEMP1

00001683
00001684
00001685
00001686
00001687
00001688
00001689
00001690
00001691
00001692
00001693
00001694
00001695
00001696

) ¥%%*0,2800001697

00001698
00001699
00001700
00001701
00001702
00001703
00001704
00001705
00001706
00001707
00001708
00001709
00001710
00001711
00001712
00001713
00001714
00001715
00001716
00001717
00001718
00001719
00001720
00001721
00001722



¥9

10
11

4004 DLI(I)=—COSCALPIH+{(1+/7(1e+VV/UUIIX(1la—((1e+0s7*«MxMRCPLI({I
16=1 ) %S¢/ (M¥M) ) ) ¥%0S-FA((—4.%¥PL{JA+1)+P2(JA+1))/(2.%DS))
2-FR(YLEL)-E(JA+L) ) F{P{I+1,JA+1)-P(I+1,JA)=-PLl(JA+1)+PL(JA))I/ (2.

4005

8

7

DO 3500 I=11,1IMAX1

FLOW BELOW AIRFOIL
IF(X(IJ)GE.X2)GO TO 3600
JB2=JB +2

DO 10 4J=1,4B

J=JB2-JJ
IF(YLOUL)eGEE(J) edANDYL(I) LTLE{J+1))GO TO 11
CONTINUE

JA=J

IF(JA«GE.JB)JA=UB—-1

F=FF(I)

FP12=FFP12(1)

FM12=FFM12(I)

FMI=FFM1{(1I)

FM32=FFM32(1)
GB=A11/7(1++TANCYL{I J¥P[2)%%2)
VV=SLL(I)*%2

UU=1.0

3%DS*DE)
DLICI)=DLI(I)/(F*{(1.5/CS))
CONTINUE
DL2CII=2%DL1(I)-P(1,JA)
P(lsJA+1)=DL1(I)
P{lsJA$2)=DL2(I)

CALL SOLVE(2,JA)
RS(2)=RS(2)—sSuUB(1)*P(I+1)
RSCJA)=RS(JA)-SUPLJAI*P(],JA+1)
CALL TRID(2,JA)

DO 7 J=2,JA
DP=ABS{P(I»J)—RS(J))
IF{DP.LE.DPM)GO TO 8
ICON=1I

JCON=J

CPM=DP

P2(JI)=P1(J)

P1(J)=P(]I,53)

P(ls+4)=RS(J)

00001723
00001724
00001725
00001726
00001727
00001728
00001729
00001730
00001731
00001732
00001733
00001734
00001735
00001736
00001737
00001738
00001739
00001740

) )%%0.2800001741

00001742
00001743
00001744
00001745
00001746
00001747
00001748
00001749
00001750
00001751
00001752
00001753
00001754
00001755
00001756
00001757
00001758
00001759
00001760
00001761
00001762



69

JAM1=J A+1 00001763

DO 9 J=JAM1,JB 00001764
P2(J)=P1(J) 00001765
S P1(J)=P{Is4) 00001766
VV=SLL(I) #%2 00001767
Uu=1.0 00001768

4006 DLI(II=—COS(ALP)+{ (1 /(1 a4+VV/UU) DI *(1 a—((1e+0e7*MEM¥CPL(]I ))%*%0,2800001769
161 )¥54/{M*%M) ) ) %50 S—F*( (~4+¥P(I~1+JA+1)+P(I-2,JA+1))/(2.%DS)) 00001770
2-Fx(YL(I)-E(JA+1)I*(P(I+14+JA+]1)—P(I+15JA)-P(1~-14JA+1)+P(I-15JAd)/ 00001771

3(2.¥DS*DE) 00001772
DLI{I)=DL1(I)/{F*(1.5/CS)) 00001773

4007 CONTINUE 00001774
DL2(I)=2.%DL1(I)—-P(1,JA) 00001775
P{l.JAa+1)=DL1(1) 00001776
P(IsJA+2)=DL2(1) 00001777
P2(1)=P1(1) 00001778
P1{1)=P(1l,1) 00001779
JB1=JA 00001780

3500 CONTINUE 00001781
3600 DO 12 I=1S.IMAX 00001782
P(IsJB+1)=TEMP(1) 00001783
TEMP1=PB{ 1) 00001784
PBE(I)=P(I.JB)} 00001785

12 P(ls,JB)=TEMP] 00001786
PL(JB)=TEMP4 00001787
P2(JB)=TEMP3 00001788
RETURN 00001789

END 00001790



99

C
C
C

*k

12

2)))-SIN(ALP )~ GB*((4e*P(I+JA)-P(Ll+JA+1))/(2¥DEXI+(YU(I)-E(JA~1))%

SUBROUTINE FLOW2

Rk kN

REAL M

SOLVES FLOW IN THE DRIECT REGION

LTI YY)

000042 7°"
000017

00001793
00001794
00001795

COMMON CPU(99),CPL(99),+,E(99),DUL(99),DU2(99)+DL1(99)+DL2(99)D(992)00001796
1,FF(99),FFP12(99),FFM12(99) ,FFM1 (99} ,FFM32(991},
1P1(99) +P2(99) ,PBL(99),P(99299)»RS5(99) »S5(99) +SUP(99) ,SUB(99),TEMP (9900001798

2)eX(9904Y(99) s YU(D9) s YLII9) s SLU(99) s SLLI(S9),

00001797

00001799

3A15,A2,Al24sALPsCIRSEPS yEPSS+DEs DS+ DP+DPMsFsFP12:,FM12,FM32,M5Q1+sQ012,00001800
4WeX1.9X2+VVJByVVJIBL1+AAJBL1+AAJB,QQJIBIQQJIBL»UUJIB,VVIBPL1,QQJBP1,AAJBP100001801
S+QsQQyUUJBL s PI»PI2,A224,A11,X4,54

CCMMON I-ITEWITELSILEILELl+I1leI11+ICONsIMAX,IMAX1+INV,JBsJALl,JB1,

1JMAX s JCONs JMAX] 4 NSSP, I W
CCMMONZBAKER/TEMP3,TEMP4

RELAXES FLOW ABOVE AND BELOW AIRFOIL
JB=JMAX/2+1

JBl=JB-1
JA1=JUB+1
JB2=JB-2

TEMPS=P1(JB)
TEMP6=P2( JB)

CO 12 I=ILE,»I1
TEMP(I1)=P(I,JB—-1)
IF(ILE«GT.I11)G0 TO 20C1
DO 2000 I=1ILE.I1l1

£L OW ABOVE AIRFQOIL

F=FF(1)

FP12=FFP12(1)

FMLI2=FFM12(1)

FM3I2=FFM32(1)
GB=A11/(1++TAN(PI2%YU(I) )*%¥2)
DO 1 J=JB2y,JMAX1

IF(YUCI)eaGTE(J) eAND2YU{I)LELE{J+1))GO TO 2

CONTINUE
JA=J+1

IF(JA.LE.JB)JA=JUB+1

DUICTI)=SLU(I}*(COS(ALP)+Fx((P{I+1,JA-1)~P1{JA—-1))/(2.%DS)

00001802
00001803
00001804
00001805
00001806
00001807
00001808
00001809
00001810
00001811
00001812
00001813
00001814
00001815
00001816
00001817
00001818
00001819
00001820
00001821
00001822
00001823
00001824
00001825
00001826
00001827
00001828

I+(YUCTII-E(UA-1))#(P(I+1,JA)-P(I+1:JA-1)-PL1{JA)+P1{JA-1))/{2.¥DS*DE00001829

00001830



e

9

2000
2001

3(—2.¥P(1,JA)+P(1+JA+1) )/ (DE*x%¥2))
DULI(I)=DUL(I)/(—1.5%GB/DE +{YU(I)-ECJA—1) ) /(DE%**2) *GB)
DU2(I)=-P(I,JA)+DUL(1)*%2.0

P(I»JA-1)=DU1(1)

PlI.,JA-2)=DU2(1)

CALL SOLVE(JAsJMAX1)

RS(JAI=RS(JIA)-SUB(JA-1)%P(1,JA-1)
RS(JMAX1)=RS(JMAX1)-SUP(JMAX1) %P (I, JMAX)

CALL TRID(JAsJMAX1)

DO 4 J=JA,JMAX]

DP=ABSHP(Is»J)I-RS{J))

IF(DP «GT«DPM) ICON=1

IF(DP « GT«DPM) JCON=J

IF(DP «GT «DPM) DPM=DP

P2(J)=P1(J)

P1(JI=P(I.J)

P(I,JI=RS(J)

JAML1=JA~1

DO 5 J=JB,JAM]1

P2{(Ji=P1LJ)

P1{JI=P(]I.J)

P2(JMAX)=P1 (JMAX)

Pl1(JMAX)=P(1sJMAX)

JA1=JA :
DULCID=SLU(I)*(COS(ALP)+F*{(P(I+1+JA-1)-P(I-1+JA-1))/{2.%DS)
I+{YULII-E(JA-1))*(P(I+1,JA)-P(I+1,JA-1)-P(I-1,JA)+P(1I-1,JA-1))/
2(2+%DS*DE) ) )-SIN(ALP)~GB*( (4 %P(1,JA)-P(1sJA+1))/(2.%DE)+
ICYUCIDI—ECJA-L I D% (—2.%P( 1+ JAY4P (1 . JA+ 1))/ (DEX*2))
DULCI)=DUL(I)/(—1.5%¥GB/DE+(YU({I)-E(JVA-1))/(DE**2)*GB)
DU2(I13=—P(1+JA}+DULI(1)%¥2.0

P(I+JA-1)=DUl(1)

P(I,JA-2)=DU2(I)

CONTINUE

CONT INUE

TEMP3=p2( J8)

TERP4=P1(JB)

FLOW BELOW AIRFOIL

DO 8 I=ILE,I1

P(1+JB—1)=TEMP(1}

TEMP(IDI=P(1,JB¥+1)

=TT

00001831
00001832
00001833
00001834
00001835
00001836
00001837
00001838
00001839
00001840
00001841
00001842
00001843
00001844
00001845
00001846
00001847
00001848
00001849
00001850
00001851
00001852
00001853
00001854
00001855
00001856
00001857
00001858
00001859
00001860
00001861
00001862
00001863
00001864
00001865
00001866
00001867
00001868
00001869
00001870



89

TEMPL1=PB(I)

PB(I)=P(1,+JB)

P(1,JBd=TEMP1

CONT INUE

P1(JB)=TEMPS

F2( JB)=TEMP6

IF(ILE.GT.I11)G0 TO 2501

DO 2500 I=ILE,I11
GB=A11/(1+TAN(P I2%YL (1)) *%2)

F=FF{1)

FP12=FFP12(1I)

FM12=FFM12(I)

FM32=FFM32(1)

DO 6 JJ=1,JMAXI

J=JB—d J+2
IFCYLCI)eGEE(J) dANDYL(I) eLTLE(J+1))IGO TO 7
CONT INUE

JA=J

IF(JA.GE.JB)JA=UB~1
DLICI)=SLLAI)*{COS{ALPI+F* ((P{I+15JA+1)-P1(JA+1))/(2.%DS)+

0000187~

00001872
00001873
00001874
00001875
00001876
00001877
00001878
00001879
00001880
00001881

00001882
00001883
00001884
00001885
00001886
00001887
00001888
00001889
00001890

TIYL(II—E(JA+1) ) (P(I+1,JA+1)-P(I+1,JA)-P1(JA+1)+P1(JA))I/{2.%DS¥DE)OC001891

2))-SINCALP)—GB*((—~4 %P {1+ JAY+P (L +JA-1)) /(2. %DE)+(YL{I)—E(JA+1)) %
3(—2.%PE1,JAY+P(1,JA—1) )/ (DEX%¥2))
DLI(I)=DLI(I)/(1.5%GB/DE+(YL(I)—E(JA+1))/(DE**2)%GB)
DL2(1)=2.%DL1(I)-P{I, JA)

P(I.JA€1)=DL1(I)

PC(I,JA+2)=DL2{1)

CALL SOLVE(2,JA)

RS(2)=RS(2)=-SUB(1)*P(1.1)

RSCJAI=RS(JAI—SUP(JIA) *¥P(1,JA+1)

CALL TRID(2,JA)

DO 9 J=2,JA

DP=ABS(P(I5J)—RS(J))

IF(DP.GT .DPM) ICCN=1I

IF(DP+GT.DPM) JCON=J

IF(DP +GT.DPM) DPM=DP

P2(J)=P1(J)

P1LII=P(I,J)

P(I,J)=RS{J)

JAM1=JA+1

00001892
00001893
00001894
00001895
00001896
00001897
00001898
00001899
00001900
00001901
00001902
00001903
00001904
00001905
00001906
00001907
00001908
00001909
00001910



D0 10 J=JAM1,J4B 00001911

P2(J)=P1(J) 00001912
10 PLLJI=P(I,D) 00001913
P2(1)=P1(1) 00001914
P1{1)=P(I,1) 00001915
JBl=JA 00001916
DLI(I)=SLL(I)*(COSCALP)+F¥((P{I+1,JA+1)~-P(I-1+JA+1))/(2.%DS)+ 00001917

LIYLUID)—ELJA+L IV R(PUL+14JA+1)-P(I+1.,JA)=PlI-1:JA+1)+P(1-1,JA))/(2. 00001918
2%DS*DER) )—SINCALP)-GB*({(—4.*P( 1+ JAY+P (1, JA-1))/(2.%¥DE)+(YL(I)~E( 00001919

69

JJA+L) ) (-2 %P (14 JAX+P (15, JA~1) )/ ({DE%*%2)) 00001920
DLI{I)=DLI(IY/(1.9%GB/DE+(YL(I)-E(JA+1))/(DE*%x2)*GB) 00001921
DL2(I)=2.%DL1(1)—-P(I,JA) 00001922
P{l,JA+1)=DL1(]) 00001923
P(I,JA+2)=DL2(1I) 00001924

2500 CONTINUE 00001925
2501 CONTINUE 00001926
DO 11 I=ILE,II 00001927
P{I.JB+1)=TEMP(I) 00001928
TEMP1=PB(I) 00001929
PB(I)=P(1,9B) 00001930

11 P(I+JB)=TEMP1 00001931
TEMP1=TEMP4 00001932
TEMP4=P1{JB) 00001933
P1(JB)=TEMP] 00001934
TEMP1=TEMP3 00001935
TEMP3=P2(JB) 00001936
P2(JB)}=TEMP1 00001937
PE(ILEL)=P(ILEl,.JB) 00001938
PE(ILE-2)=P(ILE-2sJB) 00001939
RETURN 00001940

END 00001941
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C
C
C

xkkkkk kK

SUBROUTINE WAKE

SOLVES FLOW BEHIND THE AIRFOIL *¥%kk¥k%k%k

REAL M

00001942
00001943
00001944
00001945
00001946

CGMMON CPU(99),CPL(99),E(99),DUL(99)sDU2{99),DL1(99),DL2(99),D(99)00001947

1+FF(99) +FFP12(99),FFM12(99) +FFM1 (99) ,FFM32(99),

00001948

1P1{99) «P2(99),PB(99),P(99,99)+RS{99) »S(99)+SUP(99) +SUB(99)» TEMP(9900001949

2)+sX(992,Y(99) ,YU(G9)» YL(99),S5LU{99).,SLLI(99),

00001950

3A15A25AI2ALP yCIR,EPSEPSS+DE» DS s DPs DPM,FsFP12,FM12,FM32,M5Q1,Q12,00001951
4WsX18X2,VVJB,VVJIB1+AAUBLlAAJB,QQJBLQQIBLUUIB.VVUIBP1sQQJBP1,AAJBP100001952

SeQsQQIUUJIBL SPI +PI2+A22,A114+X44S4

CCMMON I+ ITES2ITEL1+ILELZILE1sI1+111sICONSIMAX,IMAX]1+INV,yJBsJALl,sJB1,

1JMAX s JCON+ JMAX]1 s NSSP 4 I W
COMMON/ADAM/VJUB,VJBLl,VJBP1

RELAXES FLOW IN WAKE DIRECTLY

Iw=1

CO 400Q I=ITE1l,IMAX1

F=FF (1)

FP12=FFP12(1)

FMLI2=FFM12(1)

FM32=FFM32(1I)

CALL SOLVE(2sJMAX1)
RS(2)=RS(2)-5UB(1)*P(1,1)
RS(JUMAX]1)=RS{JIMAX1)I-SUP(JIMAXL1) %P (I,IMAX)
IF(QQJUBP1..LE.AAUBP1)GO TO 1
IF(VJBPL1l.LT-s0)G0 TOD 1
G=A11/(1e+TAN(PIZ2*E(JUB+1) )%%2)
GM32=A11/7(1+TAN(PIZ2*(E(JB+1)—1.5%DE) ) *¥%2)
RS(JB+1)=RS(JB+1)—-(1.—-QQJBPL1/7AAUBPL1)*(VVIBP1/QQJIBPL1*G*xGM32%CIR/
1({DE*%2))

1 IF(QQJEB.LE.AAJUBIGO TGO 2

IF(VJB.LTL0.0)GD TO 3

G=A11/7(14#TAN(PI2¥%E(JB))*%2)
GMLI2=A11/7(1+TAN(PIZ*(E(JB)-0.5%DE) ) *¥%2)
RS(JBI=RS(JUBI+(1.—QQJB/AAJB) *(VVIB/QQIB*G*GM12*%C IR/ (DE*%*2))
1-UUJB/ QQJB*G*GM1 2*%CIR/ (DE*%2)

GO TO 4

3 GSAL1/01-+TAN(PIZ2XE(JBY)I%%2)

GML2=A11/7(1 «+TAN(PIZ2*(E(JB)—0+5%DE) ) *%*2)

00001953
00001954
00001955
00001956
00001957
00001958
00001959
00001960
00001961
00001962
00001963
00001964
00001965
00001966
00001967
00001968
00001969
00001970
00001971
00001972
00001973
00001974
00001975
00001976
00001977
00001978
00001979
00001980
00001981



LL

TRS{JB)I=RS(JB)-UUJIB/QQIB*XG*GM12*C IR/{ DE**2)

GO TO 4
G=A11/(1+TAN(PI2*E(JB) ) %%2)
C=(1+~VVJB/AAJIB) *G

GM12=A11/€1 ++TANCPI2%(E(JB}—0s5%DE) ) ¥%¥2)
RS(JB)=RS(JIBI-C*GM12%xCIR/{DE%X*2)
IF(QQJUB1.GT.AAJB1)GO TO S
G=A11/01+TAN(PI2*E(JE—1) ) *%2)
C=(1.—VVJB1/AAJB1)%G
GP12=A11/{1¢+TAN{PI2*(E(JB—1)+0+5S%DE) ) *x%2)
RS(JB~1)=RS(JB-1)+C%kGP12*C IR/ (DE**2)

GO TO 6

IF(VJB1.LT«04.0)GO TO 7
G=A117C1.+TAN(PI2¥E(JB—1))**2)

GP12=A11/7( 1+ TAN(PI2*(E(JB—1)+0.5S%DE ) )*%2)

RS{JB-1)=RS(JB-1)+UUJB1/QQIBL*¥G*GP12*CIR/(DE*x*2)

GO TO 6
G=A11/7(1+TAN(PIZ2*E(JB—-1) ) %*%x2)
GP12=A11/01+TAN(PI2*(E(JB-1)+0.5*DE) ) *%2)

RS(JB-1)=RS{JB-1)-(1.~-QQJIB1/AAIB1)I*VVIBLI/QQJIBL1*¥G*GP12*CIR/{DE**2)

1+UUJB1/7QQJB1*G*GP12*CIR/ (DEX*x*2)

6

4000

10

CALL TRID(2,JMAX1)
DO 8 J=2,JMAX]
DP=ABS(P(1,J)-RS(J))
IF{DP.LT.DPM)GO TO 9
ICON=1

JCON=J

DPM=DP

P2(J)=P1( )
P1(JI=P(1,J)
P({I,J)=RS(J)
P2(1)=P1(1)
P2(JMAX)=P1(JIMAX)
P1{1)=P(I.1)
P1(JMAX)=P(TI,JMAX)
CONTINUE

DO 10 I=ITEl,IMAX]1
PE(I)=P(1,J8)-CIR
CONTINUE

PE(ILE1)=P(ILELl,JB)

00001982
00001983
00001984
00001985
00001986
00001987
00001988
00001989
00001990
00001991
00001992
00001993
00001994
00001995
00001996
00001997
00001998
00001999
00002000
00002001
00002002
00002003
00002004
00002005
00002006
00002007
00002008
00002009
00002010
00002011
00002012
00002013
00002014
00002015
00002016
00002017
00002018
00002019
00002020
00002021




4

Iw=0
RETURN
END

SUBROUTINE SHAPE
G

00002022
00002023
00002024

00002025
00002026

C  kkxkkkk ¥k COMPUTES SHAPE OF AIRFOIL IN INVERSE DESIGN CASE*¥%kk%k%¥% 00002027

C
REAL M

00002028
00002029

COMMON CPU(993+CPL(99)sE(99),DUL1(99)+sDU2{99)+sDL1(99)+DL2(99)sD(99)00002030

1+.FF(99) FFP12(99),FFM12(99) ,FFM1 (99) ,FFM32(99),

00002031

1P1(99) +P2(99) +PB(99)+,P(99599) »RS(99) +S(99)+SUP(99) ,SUB(99),TEMP(9900002032

2)eX(99)sY(99) ¢ YULIGD) 5 YLITFI9) sSLU(992+SLLI(99),

00002033

3A1,A2:A125ALP sCIREPS L EPSS,DEsDS»yDPyDPMyFsFP12,FM12,FM32,M,QL+Q12,00002034
4We X1+ X2,VVJByVVJIB1+sAAIBLl,AAJB»QGQJB+QQJIBLI»UUJIBLVVIBP1.QQRJBP1,AAYBP100002035

S5+Q+QQaUUJIBL sPI+PI2+,A22,4,A11,X4,54%

COMMON T+ ITESITELlsILESsILEL1+I151112ICONsIMAX,IMAX1,INV,JBsJAlsJIBI1,
1JMAX s JCON» JMAX1 s NSSP, I W

CCOMMONATAMU/DELTAY

DELTAY=0.0

IF(INV.EQ.0)I1=ILE+2

IP1=11

DO 1 I=IP1,ITE1

YOLD=YU(1I1)

JB2=J4B-2

DO 3 J4=uB2, JMAX]

IFCYU(L-1) eGTLE(J) s ANDeYU(I-1) sLEE(J+1))GO TO 4

3 CONTINUE
4 JA=J+1

L=I—-1

IF(JA.LE.JB)JA=UB+1

F=FF(L)

U=QI*( COSCALP) +F*((P(I1,JA-1)-P(I-2+JA-1))/7(2.%DS)+(YU(LI-E(JA-1)
1)®(P(IsJA)-P(I1+JA-1)-P(I=2+JA)+P(I-2,JA-1))/(2.,%DS*DE)}))
GB=A11/(1.+TAN(PIZ2%YU(I—-1) )%%2)
V=QI*(SIN(ALP)+GB*( (=3 %P (L+JA-1 )44 ¥P(L,JA)-P{LsJA+1) )/ (2. %

00002036
00002037
00002038
00002039
00002040
00002041
00002042
00002043
00002044
00002045
00002046
00002047
00002048
00002049
00002050
00002051
00002052
00002053
00002054
00002055
00002056



W <

IDEI4+(YUCLI=~E( JA— 1)) %(P(L s JA-1)—2%P(L+JA) +P(L+JA+1) )/ (DE*%2)))
FY=(GBAF ) ¥V/U

IF{I-EQ.I1)GD TO 14

SLU(I-1)=V/U

14 CONTINUE

FK1=DS*FY

YN=YU(L)+0e5%FK1

F=FFM12(1)

DO 20 J=JB2sJMAX]

IF{YN+GTE(J) e ANDoYNSLELE(J41))GC TO 50

20 CONTINUE
50 JASJ+1

IF(JAWLE . JB)JA=JB+1

U=QI*( COSCALP) +F*({P(1+JA—1)~P(I—1+JA—1))/DS+{YN-E(JA-1))*
1{P{LsJA)—P(I4JA=1)—P(L+JA)+P(L,JA—1) )} /(DS*DE)))

GB=A11/{1.+TAN(PI2¥YN)*%2)

V=QI#( SINCALP) +GB¥ ( (=3 % (P14 JA—1)4P (Lo JA=—1) )44 ¥ {P (I +JAI+P(L »
1JA) ) =PI JA+1)=P(LsJA+1) )/ (4 *¥DEY+(YN—E(JA—1) )40 .5%(P( I+ JA—1)
24P(I=1sJA=1)=2e ¥ (PLI+JAY+P (L +JA) ) +P{ Ta JA+1)+P (L, JA+1) ) /{DE*%*2)))

FK2=GB/F*DS*V/U '

YN=YU(L)+0.5%FK2

DO 21 J=JB2,JMAX1

IF(YNeGTeE(J) e ANDoYNJLELE(J+1))GO TO 22

21 CONTINUE
22 JA=J+1

IF(JA+LE«JB)JA=JB+1

U=QI*( COS(ALP) +F % ((P(1,JA—=1)—P{I—-1,JA—1))/DS+(YN-E(JA-1))%
1{P(I+JA)=P(IsJA=1)—P(L+JAI+P(L+JA-1) )/ (DSXDE)})

GB=A11/7(1e+TAN(PI2¥YN)#%2)

VEQI4( SINCALP)+GER( {~3e* (P (1, JA—1)4P{L s JA—1) )44+ k(P L+ JA)+P(L s
1JAD)—PUIs JA+1)—PAL s JA+1) )/ (4 o *DE)+(YN—E{JA~1))%0.5%(P(IsJA~1)
24P{I—1,JA=1)=2.%(P(I,JA)+P(L,JA) ) +P{ 1, JA+1)+P(LsJA+1))/(DE*%2)))
FK3=GB/F*DS%*V/U

YN=YU(L)+FK3

F=FF (1)

DO 2 J=JB2, JMAX1

IF(YNoGT+E(J) «ANDeYNeLECE(J+1))GO TD S

2 CONTINUE
5 JA=J+1
IF(JACLE«JB)JA=IB+1

€L

00002057
00002058
00002059
00002060
00002061
00002062
00002063
00002064
00002065
00002066
00002067
00002068
00002069
00002070
00002071
00002072
00002073
00002074
00002075
00002076
00002077
00002078
00002079
00002080
00002081
00002082

‘00002083

00002084
00002085
00002086
00002087
00002088
00002089
00002090
00002091
00002092
00002093
00002094
00002095
00002096

e .,
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U=QI* (COS(ALP) +F*((P(1+1,JA—1)=P(I-1,JA—1))/(2.%¥DS)+{YN-E(JA—1))* 00002097

LIP(I+1sJA)—PLI+1:JA-1)—P(1I-15,JA)4P{I-1,4,JA—-1))/(2.%¥DS*DE))) 00002098
GB=A11/7(1e+TAN(PIZ2*XYNJI%%k2) 00002099
V=QI*( SIN(ALP)I+GBR( (-3 %P(1,JA-1)+4.%P(1,JA)-P(I+JA+1))/(2.%DE) 00002100

1+ {YN—ELJA-1) )X (P(I+JA—1)-2.¥P(1+JA)+P(1,JA+1))/7(DEX%2))) 00002101
FK4=GBZ/F*DS*V/uU 00002102
YUCILD)=YU(LYH+(FK142¥FK2+2+ ¥FK3+FK&)/ 6. 00002103
IF(I .GTWLITE)GO TO 1 00002104
CHANGE =ABS(YU(I)-YOLD) 00002105
IFICHANGE e GTeDELTAY)DELTAY=CHANGE 00002106
CONTINUE 00002107
CO 6 I=ILE],IMAX 00002108
TEMP1=P(I,4B) 00002109
P{I,JB)=PB(1) 00002110
PE(I)=TEMP1 00002111
00 7 I=IP1,ITE1 00002112
YOLD=YLI(I) 00002113
JB2=uB+2 00002114
CO 8 JJ=1,4B 00002115
J=Jp2-JJ 00002116
IFIYLOI-1)eGEE(J) e ANDYL(I~1)LTLE(J+1))GO TO 9 00002117
CONT INUE ' 00002118
JA=J 00002119
IF(JA«GESJB)JA=UB~1 00002120
L=I-1 00002121
F=FF (L) 00002122
U=QI*(COSCALP)+FE((P{I+JA+1)-P(I1-2:JA+1))/(2.%¥DS)+(YLI(L)-E(JA+1))*00002123

1(P({IsJA+1)—P(IsJA)—P(I-2,JA+1)4+P({I1-2,JA))/7(2.%¥DS*DE))) 00002124
GB=AL1A{1.+TANIPIZ2XYL (L) )%x%2) 00002125
VEQI*{SIN(ALP)+GB%{ (3 ¢ *P (L4 JA+ 1)~ 4 %P (L JAI+P(L+JA-1))/7{2.%DE)+ 00002126

1(YL(LI—ECJA+1)I(PILs JA+1)—2,%P(L+JA)+P(LsJA~-1))/(DE*%2))) 00002127
FY=GB/F*V/U 00002128
IF(1.EQ.I1)GD 70O 15 00002129
sStiL(I-1)=v/U 00002130
CONTINUE 00002131
FK1=DS*FY 00002132
YN=YL{L)+0s.5%FK1 00002133
F=FFM12(1) . 00002134
CO 25 4J=1.48 00002135

J=JB2—-JJ 00002136



[ We

oy -

S

d

TIF(YNOGEeE(J) e ANDaYNLT.E(J+1})GO TO 26
25 CONTINUE
26 JA=J
IF(JALGE-JB)JA=UB—1

0000213

00002136
00002139
00002140

U=QI*(COS(ALP)}3F*((P(1+JA+1)-P(L+JA+1))/DS+(YN-E(JA+L1))I*(P(1,JA+1)00002141

1-P{I+ JA)-P(LsJA+1)+P(L,JA))/{(DS*DE)))

GB=A11/A(1++TAN(PI2%YN)*%2)

V=QI*( SINLALP)+GBX( (3 ¥k (P(1+JA+1 ) +P(L+JA+1) )4 %(P(L+JAI+P(Ls JA))
1+P(I+JA-1)4P(L+JA—1)) /{4 4 DE)+(YN—E{ JA+1) ) *(P {1+ JA+1)+P(L s JA+1)
2=2*% (PLI 4 JAYHPIL,JA)) +PI{1,JA-13+P(LyJA—-1))*0.5/(DE%X¥2)))

FK2=GB/F*DS*V/U
YN=YL(L)+0.5%FK2

DO 27 JJ=1.JB

J=JdB2-JJ

IF(YNeGEeE(J) e ANDeYNeLT.E(J+1))GO TO 28

27 CONTINUE
28 JA=J
IF{JAGE+JB)JA=JUB-1

00002142
00002143
00002144
00002145
00002146

.00002147

00002148
00002149
00002150
00002151
00002152
00002153
00002154

U=QI*(COS(ALPYI+F*((P(L+JA+1)—P (L +JA+1))/DS+(YN-E{JA+1))*(P (15 JA+1)00002155

1~P(I1,JA)~P(Ls JA+19+P{L,JA) )/ (DS*DE)))

GB=A11/(1++TAN(PI2%YN )*%2)

V=QI*( SINCALP)+GB¥( (3¢ *(P (L, JA+1 ) 4+P(L s JA+1))=4.%(P(1,JA)+P(L+JA))
14PCI s JA—10+P(L s JA=1)) /(4 o *¥DE) L YN~E( JA+1) I %(P (I, JA+1)+P(LsJA+1)
2=2.%(PUIsJAI+P(L,JAII+P(I,JA-1)+P{LyJA—1))*0.5/(DE*%*2)))

FK3=GB/F*DS¥V/U '

YN=YL(L)+FK3

F=FF(I)

0O 10 JJ=1,J8

J=JB2-JJ

IF(YN.GECE(J) e ANDeYNeLToE(J+1))GO TO 11

10 CONTINUE
11 JA=J

IF(JA«GE«JB)JA=JB~-1

U=QI*(COS(ALP) +F*({P(I+1,JA+1)~P{I-1+JA+1))/(2.%DSI+(YN-E{JA+1) )%
{P(I+]1 yJA+1)~P(I+14JA)~P(I—-1,JA+1)4+P(I=1,JA))/(2%DS*DE}))

GB=Al11A(1++TAN(PI2%YN)%%2)

V=QI*(SIN(ALP)+GB*( (3. %P (1, JA+1)—4.%¥P(I,JA)+P (I, JA—1))/(2.%DE)+
LIYN-E{JA+1) ) F(P L L, JA+1)=2. %P (I3 JA)+P (15 JA—1)) /{DE*%2)))

FK4=GBAF *DS*V/U

YLUI)=YLAL) #(FK1 42 %¥F K242, #¥FK34FK4)/6

00002156
00002157
00002158
00002159
00002160
00002161
00002162
00002163
00002164
000021695
00002166
00002167
00002168
00002169
00002170
00002171
00002172
00002173
00002174
00002175

00002176




9.

C

C ko

C

12

10

20

IF(I1«GTSITE)GO YO 7
CHANGE=ABS(YL(I)-YOLD)
IF(CHANGE « GTeDELTAY)DELTAY=CHANGE
CONTINUE

DO 12 L=ILEl,IMAX
TEMP1=P(I,JB)
P(1,JBY=PB{(I)
PECI)=TEMP1

RETURN

END

SUBROUTINE TRID(IL,IH)

REAL M

TRIDIAGONAL EQUATION SOLVER #XXk¥k&k¥kx%x

00002177
00002178
00002179
00002180
00002181

00002182
00002183
00002184
00002185
00002186
00002187
00002188
00002189
00002190
00002191

COMMON CPU(99) ,CPLIESI9I+E(99)+DUL(99)sDU2(99)»DL1(99),DL2(99)D(99)00002192

1,/FF(99)sFFP12(99)FFM12(99) +FFML (99) ,FFM32(99),

00002193

1P1{(99) sP2(99) ,PB(99),P(99+99)+RS(99)»5(99),SUP(99) »5UBI(99).TEMP(9900002194

2)2X{99)sY{99) s YU(I99) 4 YLI{99),»SLU(99),sSLL(99),

00002195

3A1,A2,AI24ALP sCIRLEPS,EPSS,DE+DS+DPsDPMsF+FP12,FM12,FM32,M,Q1+Q12,00002196
4We X1 X2sVVJIBsVVIB1»AAJIB1sAAIB»QQJB-QQJIBL,UUIB,VVIBPLl,QQUBP1,AAJBP100002197

S+QeQQeUUJIBL WPIsPI2+sA224+A11¢X4454

COMMON I, ITE+ITELlSsILEsILEL»I1sI11+ICON,IMAX,IMAX1»INVsJIBsJAL,JUB1,

1JMAX s JCONs JMAX1 s NSSPs IW
N=1H

NN=N—1
SUP(ILI=SUP(ILI/D(IL)
RS(ILI)I=RSC(ILI/DULIL)
IDUM=TL+1

DO 10 L=IDUM,N

II=L-1
D(L)=DAL)-SUP(IL)*SUB(II)
IF(L.EQeN)GO TO 10
SUP(L)=SUP{L)/D(L)
RSIL)I=C(RS(L)-SUB(II)*RS(IL})/D(L)
DO 20 K=ILsNN

L=N—-K+IL-1
RS{L)I=RS{L)-SUP(L)*RS{L+1)
RETURN

END

00002198
00002199
00002200
00002201
00002202
00002203
00002204
00002205
00002206
00002207
00002208
00002209
00002210
00002211
00002212
00002213
00002214
00002215
00002216
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LL

C
C
C

kK kokk

SUBROUTINE HALVE

REAL M

THIS SUBROUTINE HALVES THE GRID SPACING ETC.

* Wk kKK

- TSRS i

00002217
00002218
00002219
00002220
00002221

COMMON CPU(99),CPLI99) +E(99)+DUL (99)+DU2(99)+DL1(99) +DL2(99).,D(99)00002222

L+sFF(99)FFP12(99) +sFFM12(99) +FFML1 (99) ,FFM32(399),

00002223

1P1(99) +P2(99) sPB{99),P{99+99)sRS(99) +5(99)»SUP(99) +SUB(99)+TEMP (9900002224

2)+9X(99) e Y(99) 2 YU(99) 2 YL(99) sSLUI9G)+SLL(99),

00002225

3A1eA2,AI2ALPSCIRSEPS EPSS ,DEsDS+sDP+DPM,FsFP12+sFM12,FM324M5Q1+Q12+,00002226
4WsX1eX29VVJIBIVVIBL1,AAJUBL+AAJB,QQJBsQQJBL1,UUJB,VVIBPLl,QQJBP1,AAIBP100002227

S»QsQQUUJBL +PIePI2+A22,A114X4,54
COMMON I2ITESITE1+ILESILEL1+I11+111+ICONsIMAX,IMAX1+INV,JBsJAlsJBL,

1JMAX s JCON» JMAX] s NSSPs I W
IMAX=2%IMAX~-1

JMAX=2%x JMAX—1

IMAX1=IMAX~1

JMAX1=JMAX~-1

J=JIMAX1/2+1

JI=JIMAX

I=IMAX1/72+1

II=IMAX

p(lIsJJ)zp(le)

I=I-1

11=11-2

IF(1.GT-0)G0O TO 2

J=Jd-1

JJd=JdJd-2

IF(JeGT«0)GO TO 1

DO 3 J=1sJMAX,2

DO 3 I=2.IMAX1,2
P(IsJ)=0eS%(P(I+14J)+P{I-1,0)
DO 4 I=1,IMAX

DO 4 J=2,JMAX1,2
P(I+J)=0e5%(P(lyJ+1)+P(I4J—-1))
I=IMAX1/72+]

II=IMAX

PB(II)=PB(I)

i=1-1

1i=11-2

00002228
00002229
00002230
00002231
00002232
00002233
00002234
00002235
00002236
00002237
00002238
00002239
00002240
00002241
00002242
00002243
00002244
00002245
00002246
00002247
00002248
00002249
00002250
00002251
00002252
00002253
00002254
00002255
00002256




8.

C
C
C

IF{I+GT.0)GO TO S

00002257

DO 6 I=2+IMAX1,2 . 00002258

6 PB(I)=0.5%(PB{I+1)+PB(I-1)) 00002259
RETURN 00002260
END 00002261
SUBROUTINE PLOT{NGsAsNsMyNLs»NS) 00002262

_ 00002263

ok Rk THIS CREATES A PLOT OF RESULTS ON THE STANDARD PRINT OUT *%00002264
00002265

DIMENSION OUT(101),YPR(11),ANG(9) ,A(500) 00002266

1] FORMATC(LlH1+60X+s7H CHART +13+//) 00002267
2 FORMAT(1IH +Flle4s5Xs101A1) 00002268
3 FORMAT(1H ) 00002269
7 FORMATA1H +16Xs101H. . . . 00002270
. . . . . o) 00002271

8 FORMAT(1HO+9Xs11F10+3) 00002272
DATA BLANK/IH /3ANG/1HU s IHL s 1HT s 1HBs 1HS s 1H6 5 1HT7 s 1H8 » 1 HO/ 00002273
NLL=NL 00002274
IF(NS) 165 16, 10 00002275

10 DO 15 I=1,N 00002276
DO 14 J=IsN 00002277
IF(ACTI)=ACS)) 14, 14, 11 00002278

11 L=I-N 00002279
LL=J-N 00002280

DO 12 K=1,M 00002281
L=L+N 00002282
LL=LL+N 00002283
F=A(L) 00002284
A(L)=AGLL) 00002285

12 A(LL)=F 00002286
14 CONTINUE 00002287
15 CCNTINUE 00002288
16 IF(NLL) 20, 18, 20 00002289
18 NLL=S0 00002290
20 WRITE(6.13NO 00002291
XSCAL=0A{NI—A(1))/(FLOAT(NLL-1)) 00002292

M1=N+1

00002293
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26
28

30
40

45

50

S8

60

70
80

g4

86

S0

YMIN=A(M1)

YMAX=YMIN

M2=M &N

DO 40 J=M1,M2
IF{A(JOI-YMIN) 28,426,226
IF(A(J)-YMAX) 40,40,30
YMIN=A{J)

GO TO 40

YMAX=ALJ)

CONT INUE

YSCAL={ YMAX—-YMIN)/100.0
XB=A(1)

L=1

MY=M—1

=1

F=I-1

XPR=XB+F*XSCAL
IF(A(L)-XPR) 50,50,70
DO 55 L[X=1,101

OUT( IX)=BLANK

DO 60 J=1,MY

LL=L+J %N

JP=( (ACLL)=-YMIN)/YSCAL)+1.0
OUT(JPI=ANG(J)

CONT INUE
WRITE(6+2)XPR,{0UT(IZ)»12=1,101)
L=L+1

GOTO080

WRITE(6,43)

I=1+1

IF(I-NLL) 45,84,86
XPR=A(N)

GO TO 50

WRITE(6,7)

YPR({1)=YMIN

DO 90 KN=1,9
YPROKN+1)=YPR(KN)+YSCAL*10.0
YPR{11)=YMAX

R R R R I T L L

00002294
00002295
00002296
00002297
00002298
00002299
00002300
00002301
00002302
00002303
00002304
00002305
00002306
00002307
00002308
00002309
00002310
00002311
00002312
00002313
00002314
00002315
00002316
00002317
00002318
00002319
00002320
00002321

00002322

00002323
00002324
00002325
00002326
00002327
00002328
00002329
00002330
00002331
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sl aNg!

(sl a3

WRITEC(6+,8) (YPR(IF),IP=

RETURN
END

SUBROUTINE ARCUXIsYIs X0y YD9SIsSO+sXPeYP4D1Y+D2Y+D3Y»DERIXsDERFX,

1DERIY» DERFY sN1IsNOsINT)

Aok Kok A

DIMENSION XI(1)eYI{1)eXOU1)sYOU1)»SI(1),SO(1)eXP(L)sYP(1)sD1Y (1),

102Y(1) +D3Y(1)

1,11)

DETERMINES THE ARC LENGTH GF THE AIRFOIL POINTS #*%&kkxX

SI — INPUT CHORD LENGTH €0 — QUTPUT CHORD LENGTH

COMPUTE ARC LENGTH
INT=1 SPLINE XI
EPSI=1.E-10
N1=NI-1
SI(1)=0.
H1=0.

DX1=XI(2)-XI(1)

SI USING CIRCULAR ARC SEGMENTS
AND YI VS sSI

DYLI=YI(2)-YI(1)

CI=SQRT(DX1*%2+DY1%%2)
SIf{2)=Cl1

IF(NI sEG.2)RETURN

DO 1 [=2,N1
DX1=XI4I1)-XI(I-1)

DX2=XI(I+1)—XI(1)

DX=XI(I+1)-XI(I-1)

C2=SQRT(DX2%%x24+DY2%%2)
C=SQRTADX**2+DY* %2)
A=(DY1 *DX-DY%*DX1)72.
H=4 %A/ {C*C1%C2)
HAV=(H1+H) /2

DY1=YI{I)-YI(I-1)

DY2=YI(I+1)-YI(I)

DY=YI(I+1)-YI(I-1)

DS=Cl*(le+(C1/2+*%HAV)%%2/6.)

SI(I)=SI{I-1)+DS
c1=c2
H1=H

1 CONTINUE

00002332
00002333
00002334

00002335
00002336
00002337
00002338
00002339
00002340
00002341
00002342
00002343
00002344
00002345
00002346
00002347
00002348
00002349
00002350
00002351
00002352
00002353
00002354
00002355
00002356
00002357
00002358
00002359
00002360
00002361
00002362
00002363
00002364
00002365
00002366
00002367
00002368
00002369
00002370
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CS=C1%{1.+(Cl/2.%H)%%2/6,) 80002371

SI(NI)=SI(NI-13+DS 00002372
IF(INT e NE«1)RETURN . 00002373

2 CONTINUE 00002374
SPLINE XI AS A FUNCTION OF SI 00002375

CALL SPLINEALSI X1+S0s XCsXP3sD1YsD2Y3sD3Ys1+3+DERIXsDERFX4NIsNG,s0) 00002376

3 CONTINUE 00002377
SPLINE YI AS A FUNCTION OF SI 00002378

CALL SPLINE(SIVIsSOsYOsYPsD1YsD2YsD3Ys1+s3+DERIYIDERFYSNIsNGe1) 00002379
RETURN 00002380
END 00002381

SUBROUTINE SPLINE(XIN+YIN,XOUT,YQUT,DYDXsD1Y,D2Y,D3Y,NDERI sNDERF, 00002382

1DERIVI sDERIVF s NIN,NOUT » I NTERP) 00002383
E B KLUNKER JANUARY 1673 00002384
CGMPUTE A CUBIC SPLINE THROUGH THE SET OF POINTS XIN(I)eYIN(I) 00002385
XIN MUST BE MONOTONIC 00002386
XINsYIN INPUT INDEPENDENT AND DEPENDENT VARIABLES 00002387
XOUT, YOUT OUTPUT INDEPENDENT AND DEPENDENT VARIABLES 00002388
DiY,D2Y,D3Y 1ST, 2ND, AND 3RD DERIVATIVE AT SPLINE PQINTS XIN 00002389
DYDX DERIVATIVE AT XOUT 00002390
NIN oNOUT NUMBER OF INPUT AND OUTPUT VALUES 00002391
NDER I ORDER OF DERIVATIVE AT INITIAL SPLINE POINT (1,2,0R 300002392
NDERF ORDER OF DERIVATIVE AT FINAL SPLINE POINT {1¢42,0R 3) 00002393
DERIVI 'VALUE OF DERIVATIVE AT INITIAL SPLINE POINT 00002394
INTERP NE 1 INTERPOLATE FOR GIVEN VALUES YOUT 00002395
NTIMES NE 1 SPLINE COEFFICIENTS ARE NOT RECOMPUTED 00002396
DIMENSION XINC1),YIN{1),X0UT(1),YOUT(1)«eDYDX(1)sDIY(1)2D2Y(1), 00002397
103Y(1) 00002398
EPSI1=—1.E-10 00002399
EPSI2=—EPSI1 00002400

NIMI=NIN-1 © 00002401
DX=XINC2)-XIN(1) 00002402
I=2 00002403

IF(DXeEQe0)GO TO 35 00002404
DF=(YIN(2)=YIN(1))/DX 00002405
IF(NDERI—2)1+2,3 00002406
1 C=.5 00002407
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F=3.%(DF-DERIVI )/ DX
GO 70 4
C=0.
F=DERIVI

GO 70 4
=—1oe

F=—DX%DERIVI

FORWARD LOOP OF "TRIDIAGONAL MATRIX COMPUTATION
DlY(1)=-C
. D2Y(1)=F

DO 5 I=2s:NIM1
DX1=XIN(I+1)—=-XINC(CI)
IF(DX1 sEQ.0«)GO TO 36
DFI=(YIN(I+1)=-YIN(I))/DX1
B=2.%(DX+DX1)
F=6.%{( OF 1—-DF)
DENOM=B+DX*D1Y(I-1)
D2Y( [ ) =(F—-DX*D2Y{(I-1))/7DENOM
DivY(1)=—DX1/DENOM
DX=DX1
DF=DF1
CONTINUE
I=NIN
IF(NDERF~2)6+7,8
A=e¢5

F=—3.%(DF1-DERIVF) /DX1
GO TO 9
A=0.

F=DERIVF
GO TO S
=1

F=DX1*DERIVF

DENOM=1 ¢ +A%XD1Y(1~1)
D2Y(I)={F—A%D2Y{ I-1)) /DENDM
D1Y(I)}=0. _
BACK SUBSTITUTION OF TRIDIAGONAL MATRIX COMPUTATION
K=NIN
0O 11 I=1,NIM1
K=K—1
D2Y(K)=D2Y(K)+D1Y{K)*D2Y(K#1)

100002408

00002409
00002410
00002411
00002412
00002413
00002414
00002415
00002416
00002417
00002418
00002419
00002420
00002421
00002422
00002423
00002424
00002425
00002426
00002427
00002428
00002429
00002430
00002431
00002432
00002433
00002434
00002435
00002436
00002437
00002438

00002439
00002440

00002441
00002442
00002443
00002444
00002445
00002446
00002447
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€8

10

11

12

13

14

15

16

17

18

19
20

DX1=XIN(K+1)=XIN(K)
DF1=(YIN(K+1)-YEIN(K))/DX1
D1Y(K+1)=DF 14DX1/6 ¥ {D2Y{K)+2.¥D2Y(K+1})
D3Y(K+1)=(D2Y(K+1)-D2Y (K))/DX1
CONT INUE
D1Y(1)=DF 1-DX1/6<%(2,%D2Y(1)+D2Y(2))
C3Y(1)=03Y(2)
IF(INTERP.NE.1)GO TO 16

INTERPOLATE FOR GIVEN VALUES OF XOUT
DO 15 J4=1sNDUT
DO 12 I=14NIN
DX=XIN{ I)=X0UT(J)
IF(DXeGE.EPSI1+AND.DX«LEEPSI2)GC TO 13
IF(DX.GE.EPSI2)GO TO 14
CONTINUE
GO TO 37
YOUT(JD=YIN(I)
DYDX{J)=D1Y(I)
GO TO 15
DX=XOUTCJI=XINCI)
YOUT (JO=YINCI)+DX*(D1Y(I)+DX/2+%(D2Y (I)+DX/3.%D3Y(1)))
OYDX(J)=D1Y{I)+DX*(D2Y(I)+DX/2.%D3Y( 1))
CONT INUE
GO TO 23

INTERPOLATION FOR GIVEN VALUES OF 'YOUT
DO 22 J=1,NOUT
DO 17 I=1,NIN
DY=YINCI)-YOUT(J)
IFLOY .GE+EPSI1«AND.DY.LE.EPSI2)GO TO 18
IF(DY+GE.EPSI2)GO TO 19
CONT INUE
GO TO 38
YOUT(J)=YINCID
XOUT (JD=XINCI)
DYDX(JI=D1Y(I)
GO TO 22
DX=—DYAD1Y(I)
YO=YINCI)4DX*¥(D1Y(I)+DX/2.%(D2Y(1)+DX/3+%D3Y(I)))
DY=YO—-YOUT(J)

JF(DYeGE+EPSI1+ANDDY,LELEPSI2)GD TO 21

0000244

00002445
00002450
00002451
00002452
00002453
00002454
00002455
00002456
00002457

00002458

00002459
00002460
00002461
00002462
00002463
00002464
00002465
00002466
00002467
00002468
00002469
00002470
00002471
00002472
00002473
00002474
00002475
00002476
00002477
00002478
00002479
00002480
00002481
00002482
00002483
00002484
00002485
00002486
00002487
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YP=D1Y.LI)+DX&(D2Y(I)+DX/2.%D3Y(1))

00002488

DELX=—-DY/YP 00002489
DX=D X+ DEL X 00002490

GO TG 20 00002491

21 XOUT{(JI=XINC(I)+DX 00002492
DYDX(JI=D1Y(I1)+DX%(D2Y(I)+DX/2.%¥D3Y( 1)) 00002493

22 CLNTINUE 00002494
23 RETURN 00002495
35 PRINT 100 00002496
PRINT 101+XINC1)-XIN{(2) 00002497
STaP 00002498

36 PRINT 100 00002499
PRINT 1021 +XIN{I),XIN{I+1}1) 00002500
STOP 00002501

37 PRINT 100 00002502
PRINT 103+sJ+X0UT(J)+XIN(NIN) 00002503
STOP 00002504

38 PRINT 100 00002505
PRINT 104,J.YOUT{(J)sYINI(NIN) 00002506
STOP 00002507
00002508

100 FORMAT (/S X+ *SUBROUTINE SPLINE'/) 00002509
101 FORMAT(/5Xs*ERROR IN INPUT XINCL)="El2+4+5X*XIN(2)="E12.4/) 00002510

102 FORMAT (/5 X+ *ERROR IN INPUT I=" [SeSXe ' XIN(I)I="E12+435Xs*XIN{I#+1)=00002511

1'El2+44)

103 FORMAT(/SXs*X%X0UT(J) IS OUT OF RANGE

1* XIN(NIN)="E1l2e4/)

-

‘104 FORMATE/5Xs*YDUT(J) IS OUT OF RANGE

1°YIN(NIN)='El2a4/)

END

00002512
J=PIS,5X» " XOUT{J)="E12.445X,00002513
00002514
J='I5.,5Xs*YOUT{J)="EL12.4+5X5 00002515

00002516

0000251«
00002518



APPENDIX D
SAMPLE CASES

The input and output for two sample cases are presented on the
following pages. Case 1 is a typical inverse design solution, and
Case 2 is the analysis of a typical aft-cambered airfoil. Note that
Case 2 only has two grid halvings. In actual usage, an analysis case
would usually have one additional grid halving and would use a non-
zero value for CDCORR 1in order to obtain accurate drag values

(see Appendix B).
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MACH 0,72 AITRFOIL CESICN == SAMPLE CASE |

Sample Case No. 1 - Inverse Airfoil Design

EFINP M=Ca 724 X1==0e38¢X2=Ce5,CONV=]1 E=O06,RA=20.95E064XIBDLY=m0 ¢34 4 XSFP=0e46»

EEND

E1INP INV=1 ,E6ENC

0.50
82
€. 000C0
0400397
0.01833
0404457
0.08217
0.13025
0.18729
0+25163
0.32150
0.+39505
0.47042
054599
0.62098
0469447
0+76446
0.82860
0.88478
C.93123
0.96654
0.98960
0.99958

0.0
80
0.00000
0.00524
0401943
0.04321
0.07669
0a11945
0.17077
022946

10000, ¢C

0.C00N0
0eN16G2
0.03076
Ce 04201
0e0S122
0.05878
0e0€48S
€ .0€932
0.07204
0.07279
N.07126
D.NEEGD
Ne0S96E
C.e 05055
0.04128
N.03235
0.0280€
N.01728
0ef1163
N.00759
N.0C546

1.0

0.002G0
=Ne01812
=0 +s03553
=, (50CE2
=0 ,063€4
=0.07369
-, NEHSGAN
-0,08532

Ne00012
Ce 0CE47
0.02379
0.05293
CaCG327
Ne14374
C.2027¢
Ne26RES
0, 33961
Ded1380
Ce 489234
CeE64F1
f«63956
N.71239
0.781132
Qe84 346
Q. 8G7 32€
Ne94116
CeQ7349
Ce9G234
1.000C0
Ce C

C.00046
Ne 0C 7G4
0.02446
0. 05068
C.08€€3
f.13151
0. 184E1

024509

0.C0441
Ce C20Q72
0.03277
Cef4449
0,CE22¢
0.,06044
0. C6612
N.07018
QeN7242
0.072€4
0.07046
CeC6E36
0.,05751
0.0483C
C. C2ESSE
0.C3023
0.C2249
C.C157¢4
C.0104%
C.N0ER7
¢ .CDE34
C.O

=0,00448

-, N2263°

=C .03957
=0.05427
0. CE6E42
=C 07576
-0.08227
=0.08599

0.00082
0.00966
€¢.02999
0.06199
C.104S6
0e15775
0.21866
0.285568
0635793
0o 43262
€.50825
0.58359
0.65802
Ce 73005
Coe 7G74C
0.85780
€.90932
0.95036
0.97967
C.9S€E24

0.00150
0.01119
C.03009
0.05876
0. 09€S4
0.,14410
Ce19929
0.2€106€

0.00872
0.02426
0.03€ES
0,04685
0. 05519
0.06200
0.06729
0.07091
0.07268
0. 07234
006947
006361
C, 05528
004595
0. 03673
0,02818
0.02062
0.,01428
0.00938
0.00626

=0,00901

=0.02704
=0.04347
=0 +05756
=0, 06902
=0 .07765
=0.08346
=0,08647

0.00210
0.01361
0.03692
0.,07174
0e11732
0.17228
0.23495
0.30361
0.37642
0.45150
0.52714
0.60232
0.67634
0.74742
0.81323
0.87158
0.92061
0. 95882
0.985C4
0.99832

0.0031¢
0.01502
0.03634
0.06743
0.,10792
0.15716G
0.21418
0.27733

0.01291
0.02759
0e¢ 03940
0.,04909
0,05703
0.06347
0.06836
0.07154
0.07280
0.07188
0.06829
0.06171
0,05298
0 .04360
0.03451
0.02619
0.,01891
001291
0 .00843
0.00578

=0,01357
=0 ,03135
=0 04722
=0 ,06068
=0} +07145
=0, 07936
=},08448
=0,08677
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0.29387
036217
0443270
0.50519
0.58093
0.65947
0.73831
0.81386
0.88158
0.93653
0.97504
0.99566

0.0

=(,38
=0,91200
-(,55700
=0.69000
0.21800
=0,38
=-1.,10700
=1, 06700
=0+52400
=0.,14400
=(},57300

=0,62100
0.167C0
0.51600

bl |

=0, 08688
=0.08%17
- ,07926
-0,06782
=) 405179
=0esC3448
-0,01G11
=0,00819
=0,00327
«0,00298
w(G,0C7Ga
=0.N118¢
o0

N.EC
=1 .,00€00
-C.3600C
=0 +EEEQQD
0.31500

« 500
=1+10100
=1,05€C0
=0+.43EC0
=N ,11400
=0, 67700

=0,59000
Ce2410CC
0,.,52800

Ce310€S
0. 379€5
0.45059
0. 523275

" 6.606037
0.67928
0.757€7
NeB3172
f. EGEES
0.G47EQC
0.98187
0.99809
C.0

=0s940CC
=0,27500
=0e 63000

0.40700

=1,0G800
=1.05500
=(e379C0
=0.08700
=0¢ E6ECC

=0.528C0
€Ce29200
0.5310C

-0.0B678
=C.08414
=0,07694
=0 06413
=0 04745
=0.03035
-0,01588
=0 ,00€637
=0, 00259
~-0.,00479
=0.00905
-0,01243
040

=1,01500
=0.,21500
=0, €200C
0.48100

=1.C6700
=1.061700
=0, 22€C0O
=0.,05500
=0.,EE700C

-N,4G800
Ce.387C0
"e £1000

Ce32765
Cs 357223
C.46861
C.54262
C.61657
0.69906
Ce 7767€
0.,849C2
0+31093
0,G65759
0.,98758
C. GGOE2

=-1,02000
=0415400
=0,61100

052100

~1.,07€00
=0,91700
=C.284CC
=0,00700
=0.64900

=0,267C0
0439600
C.E2200

=0.08647
=0D. 08283
=0.06019
=0,043208
=0,02638
=0 4,0N495
=0.0C303
=0,0057%
-0.,010190
=0.01278

=1,04900
=0.10000
=0,56100

0+547Q0C

=1,07800
=0.80800
=0,24400

=0.6370C

~0,1280¢C
0.43600

034483
0.41492
0.48680
0.56167
Oe 6296E
C.71876
0.79552
De BESEE
0.92423
0.96708
0.9G218
1.00000

‘ml,NEL1CC

=~0s0410¢0C
~2.3050¢
N.5700C

=1,06500
=0.,207C0

=0,65000

0,C020¢C
0.47000C

=0 .08594
=0.08121
=0,07121
«0,05606
=0.,03874
=0 02262
=0 ,01039
~0, 00392
=) ,00338
=0.00682
-0.01105
=0,01290

«0,58300
0,04000
=-1,06100
=3.60800
=0 ,16200

=0,62800

€. 08900
0.,49800
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0«72 AJRFCIL DESIGN SAMPLE CASE 1

MACH

X=Y GRID SYSTEM

2 -0.1410E 01 3 -0.8900E 00 4 -0.3706E 00 S -0e2445E 00
8 0.1247E CO 9 0.2485E 00 10 043706E 00 11 0.4900E 00 12
2 —~0.4261E CO 3 -0.1820 00 4 -0,2303E£-07 S O0.1420E 00 L]
MACH NO. IS5 0%720 ANGLE OF ATTACK S 0.0 DEGREES
DIRELT SULLTICN TC 0.50
CASE NUMBER 100
INVERSE DESIGN CASE
LFINP
M= 0,71999997 WS 1.6999G% «X1= D0.50200000 eX2= 10000.000 sALP=
0,3 999999d P X4= 0.4899999%9 +S54=  2.0000000 1 CONVE 0.9999994 3E-064A1=
209500006 . + X1BDLY==U.38993690 2CIR= 0.0 +COCORR= 0.0
0. 5Y9IIVOIYE-02 4 XHEF= 0445999594 1RCPB= 0.19949969 1CPE= 0.39999994
0.99999904E-C1
LEND
ELINP
IMax= L3, uMAX= TelKASE= 100, 1INV LyMITER=
0, i5KP3= 0.I5KFa= 0 ITERP= 04 IREAD=
o h
EEND
AIRFOIL CLCHROINATES
x Yu i UPPER SLOPE LOWER SLOPE
~0.49000 Jd.C2a5A -0.02592 093714 -1.341772
—0.37058 Q0.CH€0s -0.07/542 0.129%8 -0.16455
—0e28852 0.C6631 ~0.u8o21 0.05419 =0.,03119
=0.124870 0.(7280 -0.08442 0,00332 0.06208
0.0 VU.06993 -0.00b80 -0.05300 0.18773
0.1za70 0.C592a ~-0,08205 -0,11419 0222124
0.24852 0,043a5 =-0.U1738 ~0.13570 0.16651
0.37058 0.026354 =0.00368 -0.16519 0.04513
0.49000 0,00752 =0.01058 =-0,18798 =-0.2006060
ITERATIOGN 10 CIR = 0.10732 DPM = 0.00441951 AT 5 3 NSSP = 3 OELTAY Ok
ITEFATION 20 CIR = 0.13470 DHM = 0$.00231314 AT 12 3 NS5P = a4 DELTAY OW
LTIFRATION 30 CIR 0.15651 DFM = 0.00187090 AT 10 3 WNSSP = 4 UDELTAY UH
ITEKATION 49 CIR =  0.10997 DPM =  0,00153452 AT 10 3 N5SP = 4 DLLTAY OR
1TERATICN 53 CIR = 0.10245 UFM = 0.001c€487 AT IC 3 NSSP = 5 DELYAY OR
CP AY ULACKWARL DIFFERENCES
x P L
-0.,490 -0.174 0.013
-0.371 -1.174 -1l.085
-0.209 ~0.643 —0.823
-0.125 -0.ur? -0.709
0.0 -0.7%1 -0, 711
0.125 -0.5¢7 0ol
0,289 —0.174 2-400
N0.371 -0.Ca? .540
0.490 0.362 Ueb s
1.4010 [T 0.04y
€P LY CENTRAL LIFFERLNCeS
x wPL CRL
-0.490 -v.17a 0.013
-0.371 =1.174 “1.043
=0.+249 —-C.871 =0.909
-0.125 ~0.785 =0s780
0.0 -C.712 -0.442
0.125 =0.501 0.035
04249 -0.264 0337
0.371 -0.103 0«508
0.490 0.a16 0.606%
1.810 0.028 c.028
CP BY CENTRAL DIFFERENCES
x cPy cPL
—-0.490 =0.174 0.013
-0.371 —1.174 ~1.043
-0.249 =0.871 =0.909
-0.125 —0.78% =0.780
0.0 =-C.712 —0.442
0.125 =0.%01 0.035
0.249 =0.268 0.337
0,371 =0.103 V.508
0.490 Oealo 0,665
1 10 0.028 0.028
X Yu YL SLu sLL
~0.49000 0.02458 =-0.02552 0.93718 -1,31772
-0.37058 C.05867 -0.u7542 0e12998 —0.106455
-0.24852 0.06931 =~-0.08621 0405419 =0.03119
~0,12470 V.C?260 =-V.08442 0.00332 0,06264
0.0 0.06983 -0.06880 =-0.05300 0.18773
Os12a70 0.05924 =-0.04203 -0.11419 0.22123
0.24652 0.043a% -0.01738 —0.13870 0. 16651
0.37058 C.02638 =-0.00368 ~-0.14519 0.04513
0.49000 0.00752 =-0.01058 =-0.18798 —C.20660
71 70 69 70 7
63 60 0 71 27
79 99 0103 &2
83102 0102 ee
84 96 01C9 &S
78 86 0 7 &7
73 72 0 89 €2
89 63 0 @1 75
67 60 0 76 7%
51 45 0 60 €E
70 70 70 71 71
WAVE (D = -0.031180

88

6 —0.1247E 00
0.1410E 01
0.4201E 00

0.0

7 0.0
«EPS= 0.0 WEPSS=
s A2= 0.14999998 +A3= 3.B6937299

0.24599999

«RUEL= 0.25000000 +RPDELFN= 0.12500000
+XNON= 0,46999997 »XLSEP= 0.50000000 »XPC=
A00  NHALF= 2.0TACY= 0.15kP2=
O.LP= 100041 TEUPC= 0,1 TELWC=
DEL3TAR = 0.0
DELSTAR = 0.0
DELSTAR 0.0
DEL5TAR 0.0
ODEL3TAR = 0.0



-0,4930

-0.1700

—-0e23N00

~o.1100

a.ui00

0.1300

L2500

0.3900

Geav2d

o=

CHART 100

v T L3
T [ ]
Lu T a
L T L}
u L T B
u T [X:]
v T B8 L
u Ty L
T8 u
~0.,400 ~D.o22 -0.4238 ~0.255 -0.071 0e113 0.297 0.a81
PHRESLURE CULFF LCTENT .
CPSTAR = -0.0993 cLcin = 043652
0-rmZO LO = ~0.031180 CMLE = ~0.1951 CDF = 0.0 CMCa = -0.1232

0.865
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MACh 0.72 AIRFCIL DE:

2 -0,38
& -0.30
14 O0.b62
20 O.a
2 -0.91
B D.65

MACH NO

EF INP

M= .71
0.3999y99

RN 20950

SPz 0.39999959L-02,X5EP=

0.999vb WL
TEND
E1INP
IMAX=

x
~0.6u300
-0.u3967
—G. 37ULs
~0+30737
~0.26852
~p.lBLPT
-n.12470
~0.00742
0.0
Ced0240
0.1carc
0 1EaT?T
GodbAny
0« 3032
0.3705e
0.43057
V. 49000

-0
—0.557

-0.5130
9.21¢
LTEATILN
ITtRATICN

Temalion

Fenall n
(RIS NN
The AV
TEnATTon

H

1

'

1

1

[Tel ATinN
LUEwATL A
Lirwallon
1
1
[
1
1
i

TeeAllon
TerATIuN
TLFAaTILN
PTERATLON
AdEeATLON
(rEFAT LN
LTrralloN
LOUERATLUN

[RIFYERYSN
TThnliuN
LTtralten

QT AT
Piah aTlon
Flenalla.
TIHRATL _w
TilmaTion
1TEAT LN
Tiirallos
RITES NN
L1EnAT LN
TPRATLL

e AT

TekaTlon

TFRAY e
TenaTly

SIGN -~ SAMPLE CASE 1

X-Y GRID SYSTEM

7 —-0.,37006E 00

72E €1 3 ~0.14310¢ Ol 4 -0.6471E 00 S5 -0.4900E 00 6 —0.4307E 00
SHE 00 9 ~D.248%E 00 10 -0.1868t 00 11 -0.1247E 00 12 ~0.6240E-01 13 0.0
GOE-GI 15 0.1247E 00 16 0.1868E 00 17 0.2485E 00 18 0.3098€ 00 19 0,3706E 00
C7c €O 21 J.490CE 0O 22 Q.0471E 00 23 O0.1410€ 01 248 0.3872E 0Ol
ale ov 3 ~0.4Z61E 00 4 —0.2460E 00 5 -0.1420E 00 6 -0.,6592E-01 7 -0.9213E-07
sze-cl 9 0.1420E 00 10 0.2460E 00 11 0.4261€ 00 12 0.9181E 00
e 1S Le720 ANGLE UF ATTACK 15 0.0 DLCOHEES
DIKELT 30LLTICN TO ~0. 30
CASL NUMBER 100
INVENSE DESIGN CASE
997 k= l.ov9ve98 X1=-0.38000000 1X25 D.50000000 YALP= 0.0 +EPSs 0,0 JEPSS=
8 P X4 Q04H999995 »Sa 2+0000000 WCUNV= 0.99979943E-06.A1= 0.24599999 2 AZ= 0.14999998 »A3 3.8699999
200. L K18DLY=-0.3499 996 JCIR= 0413249227 +COCORKE 0.0 WROEL= 0.25000000 +RDELFN= 0412500000
0.45959908 JREPB= 0.19999949 »CPB= 0.39993998 XMON= 0.46999997 +XLSEP= 0.50000000 XPC=
aE-C1
£Dds JAANT 13, 1KASE LOO s I NV= 1.MITER= 400 NHALF= 2+ITACT= 0« I5KP2=
O 15kP I Gy l1S5Kda= O.ITERP= 0+ IKEAD= 1000, TEUPC= O [TELWC=
o
AlRFUIL C\JUI(._)lNA'LS
Yu YL UPPLKR SLUPE LUWER SLUPE
V.C24n¥ =005 D.93718 -1431772
DaCo4rLU =0.006132 0.22208 =Ce3309J
d.Cuta? —0.u7THa2 Ge 1640 ~G.l 645
C.CLz1 D -0.,08274 0. 085CL -V.06394
U.CLFY] =-0.,08621 0.,02419 —-C.04119
0.C7183 ~D.080/2 0.02750 0.0]3%b
Q€730 ~0.904862 0.323 3¢ 0.00208
Va.C7423 ~0.07800 —~0,0224U 0.12527
UL0L5Yd —0.LobB0 =0.093300 Vel 8773
0aCL537 ~0s055¢%U “~0.08vab 0.21997
0.CH924 —0.04203 “0.ll4ty D.22123
ZaCSlen =0,02084 ~0.1287C Q0.201580
JL.04d80 —LeD173b —~ual3b70 0.1L051
Q.0349y —J.008650 ~U.1405a 0al1n09
C.07t34 —-D0.30JL8 =0.14319 0.04513
0.Cl737 —0.,0036u =0. 15402 ~0.0a4715
000752 -C.010%3 =-0sla758 ~0.20660
UPERKR (P INPUT
=1:00¢ =Le%40 —1.015 —-1.020 ~1.Ca9 ~1.081 -0.583
-GCe3od —De2 7y =0.219 =0 lué -0.100 U041
LOwEs CP IRFUT
-Q0.080 —U.l 30 =020 =~0.011 -0.501 —0+305 0.040
Gely Oeuis Q.a4] Den3l 0.5487 Q570D
1) G = U.29997 oP4 C.00931138 AT 1o 2 NSSP 15 otLTay Ok DELSTAR 0.0
23 Ll - TelYL0] UM 0.00303018 AT & 2 NSSP L4 DELTAY DR DELSTAR 0«0
LNy R Jel99Bo s 4 = LV Lo RO 2 VOV B A J Ny o< t5 DELTAY UR UELSTAR T
gl . S 3ICL7 uPe Fa00¥Tar?y Al 10 <¢ NLSP IS DELTAY UR DFLSTAR 0.0
S Ll = I3 111 L LeuN0Llbasu Al 11 1 NuoH le UELTAY OR DFLLTAR 0.0
[P I OV R B DedLlsy pyv VeuCUus4irn AT 14 3 NSSH le DECTAY ON DELSTAN 0.0222
73 Llv = Gaaul v DPM UadouenlL AT 10 2 NS5 14 DELTAY Uk OFLSTAR 0.0073
RIS A RS Te 3l DPA DeClDI2UaG ) AT 1D 3 NLaw 14 NELTAY OM DLLSTAR 0.0037
LI IS RUR Caduivl Le+ LUa.vCllarces AT 1y 3 NSSP 14 DELTAY UN DELSTAR 0.002%
17y C1 ¢ Yo 31U LPM = QeulV1IG23Y AT 10 3 NSSH 1a DELTAY UR DELSTAR = 0.0018
110 v = Dedlloy P 0.0000 7814 AT 11 > NSSP 14 OELYAY OR DELSTAR 0.0013
1y Ll = LR {VR = VY 0CUDDIN4 AT 10 H NSSP = 14 DELVAY OR DELSTAR = 0.0010
Lig ¢l = VedIlE7 UFM Len00AaLIl AT 10 4 NSsP la DELTAY UR DEL>TAR 0.0007
Ta ) Ciet - D30 1Y uE - LetLOueulas AT Q1 L NSSH = la DELTAY OR DELSTAR 0.0005
150 Lla - J.40lgu 2R VeLOUOZ1La AT o 3 NSSP 1a DELYAY OR DEL 3TAR 0.0004
16 ¢l= = CadGidu Uk ND.03J01¢10 AT L& 9 NLSP = 14 DCLTAY UR DELSTAR 0.0003
1720 ¢l = Je231BL LM LelOUVITGZ AT 1G 3 NSSP = 14 DELYAY CR DFL3TAR 0.0002
180 (1w = 0.30185 Qe 2,0000CES? AT 12 S NSSP = 14 DELTAY OR DELSTAR 0.0002
11g ¢ln = Q.3uiss UrA U.G0JiCuhU AT 4 5 N35P & 19 OELTAY OH DELSTAR G«0001
200 Cit - BesLluL o wve(00DV=32 AT 22 6 NSSR = 14 DELTAY UK DELSTAR = 0.0001
210 ¢l = JeWios U U.G0VVU0sB1 AT 12 3 NSSP 1a DELTAY UK OELSTAR = 0.0000
EI Ee A VedDIBE jar ™ = 0.00UVVA?a AT % « N5SP = 314 DELYAY OR DEL ;TAR 0.0001
KRR SO Jluisn pea = V00320203 Al 1o 2 NS52 = la DFLTAY UR DELSTAK 0.0000
a0 ¢ld = DadOlHE Dim - C.0L200781 AT 23 o NS5 = 14 DELTYAY LR DELSTAR = 0.0000
S) oLk = De0dldhy Diew = Ca0UV )07 AT 2 10 N35P = 14 DLLTAY OR DELoTAR = 0.0000
0 Clie o= C.3014¢ = LeUCODDIS3P Al & 3 NS5 = 14 DELYAY UR DELSTAR = 0.0000
29l = JedUIHYL UPet D.ulUIUHc7 AT 24 B NSSP = la DELTAY Uk DLLSTAR = Vv.0000
dh Ll = vaeldulng Lkt - U.JUu 0z AT 23 7 NSSP = 14 DELTAY UR DELaTAH = 0.0000
PAPRNS BE Jal0luy 0PN - UeuwGCuu04d AT 23 7 NSSP = la DELTAY Ul DFLSTAR = 0.0000
G e = JIUIaT DPM = U.LLUICIdD AT 23 o N5SSP = 12 DELTAY CH DEL VAR = 0.0000
EN U &Y FN Jatulenbh wKy = LellIuy 1y AT 23 7 N35P = 14 DELYAY UR DEL>TAR = 0-0000
420 e = Jeadlot NI = T yay02ICani Al Pa b NSSP = 1a OFLTAY UR DELa3TAR = 0.0000
Je3Jlyo wbM = aVCLINCTe AT 22 7 NSSP = 14 DELTAY Ux DELSTAR = N.Q000
GeIU1oZ NEM = 0.00uLYALH AT 24 7 NSSP = 14 OFLTAY UR DEL>TAR = 0«0000
JeSUles 1Jrd GaO000IGets AT 24 7 NaSF = la DECTAY UH DEL3FAR = G.Q000
NeadlosS wkx L.000005%07 AT Z2a € Noxr = 14 OLLTAY OR DEL3TAR = 0.0000
Ve sulas uks = NadLY )30 Al 23 7 NSSP = l4 DELTAY UR DFL53TAKR = 00000
B I O N Letdley LEY o= D.00UnBeBA AT 23 7 NSSF = 14 DELTAY IR DELSTAH = 0.0000
Je 139 Ot = 0.500)C397 Al 23 7 N3SP = 16 DELTAY UR DELSTAW = 00000
Nesdlab DM = LeUOUYVU LY, AT 24 7 N5SP = 14 DELTAY DR DEL3TAR = 0.0000

i
i
1
FTekatlius
1
1
1

ATy
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CH LY LAChwARG
x

LIFE RS NCL S

(" .
—0sa-0 ~Sadtsd Oe b2
=Cenit =1.328 =U.Jes

3 -0s0da7
=0a080

-0.e31

L. 021

—detsl ]l

~UsLu0

=V.Jd0a

UVa037

Vel

Ue lta

=0l ?u Os4u07
A Deasl
Vabile

=Cal o Veka )
VT U V0L
Calide Ue Ut
vt do DERtST
"R R LY UeGO

LFP e Y Lt SNThaAl GIH ths NUr o

x fru “rL
—Lenin) ~UelrY 0.L02
-0.4 ) —1.928 —uv. 324
-0,171 =-1.0lb ~0.E33
—Ueoln) =Labve, =0.0J4

—Labra =~UVs.b1b
=1.uCa =V.t1J4
=1s223 —Uebob
—-1.Ca —Dat /i
=CedU0S =0.2U05
—D.n7" -0.0l0

- EUPEN

Veln? —0.357

elan 0.2 1

C. =CadeJ

Le 371 =0elo

C.adl =D.0ue

V.490 Velan

Covrds 7 v.0ro

lefly D.dlL

2.872 0.10a

CF oY CE~TI'AL DI FERENCES

x CFy cPL
=0.4"0 ~0.268 Ve90d
~Ge431 -l.C2a —-B. 324
-Q.4371 =1.318 =Ve+533
-w.310 =C.4v0 =-0.609
=Neluy =Le98c —.olo
-C.187 =1.004a —Q.013
~0s 129 =1.023 =0.580
—0.0b2 =1+049 ~0.479
0.0 =Ce905 =0.293
Ve 0OUL2 —0ets79 -0.0l0
0«12 -0.540 0. 160
0.1R7 -0.457 0.294
0.243 “U.’%8 0395
C.310 ~0.223 0472
0.471 —0.159 0.922
0.631 —0a052 04951
Ce.a90 O.lud 0«400
Q.47 0.0 U.0HO

1L-810 Bedln 0.Cl0

Jentz 0.304 0.00s

X Yu YL

=G.44000 U.024508 ~0.02552
=0.630H7 C.0485%0 —U. 006132
—0.470L8 €C.05905 -0.07502
-0.30982  (.0€553 —J.0uc47
=-0.24832 Ce00960 —-0.08600
—Qa.lda?7? C.07211 —0.0UobLs
-0.12470 C.073006 -0.08a1d
—0.00240 C.02245 —0.078a83
G.0 €.07013 —0.008u3
0.06240  0,Ce395 —0.05619
0.12a70 CeC5975 -0.04230
0.18677  C.Ct220 -0.02952
0.24052 0.043043 ~0.01704
0.30982 0.03596 -0.00891
0.37058 CeV2odd —0.0039%
0.43067 €.01790 -0.004146
0.43000 c.ccsls’ -0.01211

sLL
V.93718
0.22258
0.12977
0.C34832
0.05a405
v.02741
0.00312
-0,02263
-0.05353
~0.07943
—0.11425
-0.12857
-0.13253
-0.140a2
~0.14526
-U.15427
-0.18591

sLL
-1.31772
-0.33099
—0.16525
-0.08434
-C.03140
0.01387
6.062L5
0.12528
0.18729
0.21943
0.22128
0.20241
0.16710
Osl1546
0.03496
-0.05072
~0.20427
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.

71
70
09
70

74
71
rn
71

rn

71

70
(£
70
ny
we
[

ne
ot

I3

92

7
(1]
[Ix4
v
Te
74
76
77
78
'
70
I3
7;
70
vo
u?
ot
nt
us
i
o7

70
71

7L 70 1
6y 69 cb
5 vl el
£5 55 €
73 70 £3
m E5 0
€2 89 ¢
da $1 ¢
85 91 ¢
83 50 L
a0 &n  ©
70 79w
re 72 12
oy L7 Lo
o 63 L
ca 6l tE
b4 59 to
ol LY f4
Lo 90 va
w7 Ga td
o7 67 7
79 I 70
0N

—0.4900
-0.4100

-t, 4790

-0.2900
-0.-%0
=Ge1700
~0a11929
-0.0300
0.0100
0.C700
0.1300
0.1900
0.2500

0.1100

0. 35990

0.a530

0.49930

71 74
e o8&
G54 (4
v 77
010¢

n
70
u?
7o
%9

D112103
2112160
Uy vio7i0¢

Pl

71
70
09
a0
4y
95
Y

0109104

J Clivlo4

v
X}
847
LX)
80
74
19
2 ay
CLI
o7
o7l

cevcCLeEe

56
91
Lo
43
80
73
5
2
79
71
71

RAVE

~1.0a9

cL

Q113104
o1ca

9y
93
89
duv

~0.849

7t

20
72
ua
as
od
9t

Y4
wn
So
vh

-0.003594

-0.729

0.5748 CD

L
L
L
L
L
L
u
v
-0.569

CPSTAR =

=0.003593 CMLE

-0G.,409
PRESSURE CUEFFICIENT

-0.6993

CHART 100

—0.249

CLCIR =

=0.2991 CDOF

-0

0389

0.6037

0.0

0.071

CMCe

0.231

=0s 1554

0+391

0+551



X=Y GRIL SYSTEM

2 -0,8027¢ C1 3 -0,3872€ 0l 4 =0e2276E 01 5 -0.1410€ 01 6 -0,911% 00
6 05317 00 9 -0.4900F 00 10 —0.4004E a0 11 ~0.4307€ 00 12 -0.,4007E 00
14 -0,3403t 00 15 ~0.3068L 09 16 —0,2792E 00 17 -0.24B5E 00 18 -0.2177€ oOv
20 -0.1553€ 00 21 =0.1247 UG 22 =0.,93IB7E-01 23 -~0,6240€-01 24 ~0.3121F-01
26 0.3121e-C) 27 0.6240E-01 24 0.9357E-01 29 0«1247E 00 30  0e1558E g0

32 0.2177E Cu 33

485E 00 34 0.2792e 00 35 0.3098E 00 36 0.3803e 0O

38 0.4007E CcOD 39 V.A307€ 00 4“0  0.4004E 00 “l 0+.4%900E 00 42 0en317€ 00
4@  0.9115E 00 A5 0.1410E 01 46 0.£2T0E 01 47 0.3872€ 01 a6 0,8027E 01

2 -0.1869E 01 3 =0.9181t 00 4 -0.5939E 00 5 -0.4201E 00 4 —0.3206E 00
8 -2.,1888E 00 9 =0.1420E OO 1u -0«1CI9E 0O 11 ~0.6592E-01 12 ~0.3239E~01
14 0.3239c-cC1 1> 0.6592E-01 16 0.10l19e 20 17 0.1420E 00 I8 0.1BH8E 00

20 0.3200E CO 21 N.4201E 00 22 N.5939E 00 23 UV.9101E 00 248 0.1869E 01

MACH NUe 1€ 0D.720 ANGLE GF ATTACK 1S5 0.0 URGHEES
DIKECT SOLLTION TQ -0+38
CASE NUMBEKR 100

INVERSE DEE1GN CASE

LF INP
M= 0.71999997 sW= 1,0999w98 +»X12=0.34000000 «X2= 0.50000000 sALPE
0.3999w958 P XGE D.4HYYIGYY +54=  2.0C00000 1CINVE 0.9999098 IE-00.Al=
R 27950000, #XIHDLY=2=0.34 439590 +ClR= 0.,3501390R0 +LDCOKRR= 0.0
H 0.43999990GE-C2a XSEP= 0.4L99990 PHCPB= 0419999994 SLPBE 0.3%999VYB
0.99999964E-C1
EEND
cline
IMAR= AU IMAX= 23, IRASE= 10041 Av= 1eMITEK=
0. 15KkP3= 0. ISKPas 0 1 TERP = 04 iREAD=
o
LEND
AIRFUIL CLCRDINATES
x Yu YL UPPER SLOPE LUWRER SLORE
—-0.49000 0.C2453 =-0.029%2 0.93718 -1.31772
-0.46084 0.04034 ~0.08397 0.34842 -0.52529
—0.43007., C.C4E856 =-0.00132 0422254 -Ca3309Y
-0.,a0072 0.€5427 =-0.0u%50 0.i0531 =-C,22929
UEFER CP INPUT
-1.107 -1.101 -1.068 -1.067 -1.076 -1.078 ~1,069 -1.06
-1.007 —1.0506 ~i.ubs =1.017 ~0.917 -0.508 -0.701 -0.60
-0sd2a -C.a3a —0.379 -0,326 -0.286 -C.24a -0.207 -0.16
-0.184 ~0.114 -0.087 =0.,053 ~0.007
LGWER CP INPUT
-0.673 -C.077 —0.L6Y —0,657 -0.649 -0.637 -0.650 —0.62
-0.621 -C€.590 ~0.528 ~0.408 -0.267 ~0.139 0.002 0.c3
0,167 0,241 0.292 0,357 0.496 0.4 30 0.470 0.0%

04516 CeS28 0.531 0+510 0.532 -
TERATION 10 CIR V.30208 DPM 0.00127091 AT 39 17 NSSP 6T DELTAY OK
TERAILON 20 CIR 0.33161 DPM 0.0001845% AT a2 13 NSSP 68 DELTAY UR

TERATIUN 230 CiIRr
TEFATIUON 260 CIR
TERATION 250 CIR
TERATLION 2060
TERATION 270
TERATION 230 Cln
TERATILN 290
TEWRATION J$nO
TERATIUN 310
TERATIUN 320
TEKATICN 330 CIR
TEFATION 340 CIR
[TERATIUN 350 CIR
ITEKATICN 360 CIR
ITERKATIUN 370 CIR
ITERATION 380 CIH 0.30094 DLPM
ITEKATION 300 CIR 0.30094 LPM
I1TERATION 80U CIR = 0,30094 DPM

0.30094 DPM
0.30094 OPM
0,30094 pPK
030094 DPM
0.30094 DPHM
0.30094 DPM
0.30094 UPM
0.46094 DFM
0.30094 UPM
0.3C094 OPM
D« 30U98 UM
0.30094 DPM
0.30094 DPm
0.30096 LPM
0.30094 vPM

0,00003087 AT a8 13 NSSP
0.00002354 AT 2 7 NS3P
0,0000295%u AT 48 3 NSSP
0+00001323 AT 84 3 NSSP
0,00002342 AT ah 9 NSSP
0.00003570 AT 47 12 NSSP
0.00001252 AT 47 13 NSSP
0.00003431 AT 48 13 NSSP
0.00002944 AT 48 7 NSSP
0.00001991 AT 47 12 NSSP
€.00003204 AT 4B 13 NSSP
0.00003159 AT 45 12 NSSP
0.00001216 AT 46 & NSSP
0.,00005831 AT 48 13 NSSP
0,00001198 AT 47 9 NSSP
0.00001224 AT 43 13 NS5P
€.00002964 AT ab 13 NSSP
0.0000136) AT 46 13 NSSP

67 DELTAY OR
©7 DELTAY OR
67 DELTAY OR
o7 DELTAY On
67 DELTAY OR
67 DELTAY OR
67 DELTAY OKW
67 DELTAY OR
67 DELTAY OR
67 DELTAY OR
67 DELTAY OH
67 DELYAY GOR
67 DELTAY OR
67 DELTAY DR
67 DELTAY OR
67 DELTAY OR
©7 DELTAY OR
67 DELTAY UR

TERATION 30 CIR 0.30363 LPM 0.,00005847 AT 3o 2 N53P ©7 DELTAY OR
TERATION a0 CIR LV.30165 DEM 0.00004399 AT 35 2 NSSP &7 DELTAY UR
TERATION S0 CIR = 0.J0163 UPM C.0CUD 3612 AT 3L 2 NSSP 67 DELTAY Ok
TERATION €7 CIR 0.30113 OPM = C€,00007552 AT 46 2 NSSP = 68 DELTAY_ Ok
TEHATICN 70 Clw D.4U094 UPM = 0.00002682 AT 27 2 NSSP = 67 DELTAY OR
TFRATIJUN A0 CIn 0.300%a LDPM = C€.0000349Y AT 47 12 NLSP = o7 DELTAY UR
TERATIUN 70 IR 0.30094 DFM =  0.00002229 AT 21 2 NSSP = &7 DELTAY OR
TEFATILN 100 CIR 0.300948 UPM = U,00006338 AT 48 11 NSSP = 67 LDELTAY OR
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0.30942 . ~C.0LEu]l —0.00277  0.CO0560
U.34dPp  -GL.CO% 3L 0.000es  0.90570
£.1370%8 -0.00339  0.,0UZ30  0.0Cb0A
0.40922 -0.G02u3  0.00c70  u.00539
0.450n7 =0.0)229  0.0J1bb  U.00a%3
Qour das  -0.L0504 =0.00142 v, 00420
€.54Q00 -C.U1637 -0.00u%4  0.00340
cor = 7307484

NO UPrER Ui ALL st P8 IATIUN BEFLKE 0.48060

98

LF  04210€ 08

THET A
0.0000t
0.00007
U.00012
0.00017
0,00021
0.00025
©.00030
0.0003a
0.0003v
0.00066
0400055
0.,00008
0.C0084
0.00102
V.00l 23
0.GUl 46
V.00172
V.00198
0.00Ve25
0.00254
0.00284
0.00314
0.,00340
0.02362
0.09377
0.09380
0.00376
0.00281

seP
-0.00000
—-0.00000
0.00001
0.00001
0.00001
0.00002
0.00005
0.00011
0.20020
0.00051
0.0008>
0.00119
0.0Ul186
0.00166
0.90187
0.00208
0.00222
0.00229
2.002a0
0.00253
0.00250
000247
0.002)2
0.00153
0.00067
-0.00037
-0-000611
~0.Nlo70

H
0.90a27
1.78243
1.724496
1272990
1.71315
1270517
1.0991%
l1.65083
1.70275
1.71805
1a7u2a8
170385
1.77328
1.78a7a
1.79958
1.02415
1.83501
1.83158
1.8a576
14806771
1.87079
1.32602
1.72012
1.00312
1065316
1.320921
1.216003
1.12295

Pl
-0.00294
0.00260
0.01190
0.00574
0.01401
0.04544
0.08937
0.23219
D.5500686
1.14a862
2.00304
2.94353
3. 70504
4.80300
5.81726
7.45914
7.80784
B.56862
9.98470
11.324906
11.390692
8.86338
5.45317
2.81727
0.09675
-0.88323
-1.20000
-1.50000

T AU

12
13
12
11
[N
10
10

10
12
1a
16
15
15
15
16
15
15
1o
17
10
12
io
1

14

13

12

0.00192
0.,00160
a.q0t48
0.00140
0.00138
0.00130
0.G0125
0.00119
0.00111)
©.00101

0.000389
a.o00080Q
0.00073
0.00006
0.00061

6.00054

0.00053
0,00050
0.00046
0.00083
0.00042
0.00048
0.00058
0.00070
0.00094

0.00113
0.,00143
0.00143
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Sample Case No.
SAMPLE CASE NC.

EF INP

61
0.0

0400365
£.01906
0.04503
0. 08057
0.12642
0.18183
024488
0 +38695
0453793
0.68302
Def1216
0.$1660
0.97125
0. 99262
1.00000
0.0

51

0.00000
0. 00605
0.02366
0.05250
0.12920
Ce25793
0.38020
0.53091
068491
Ce797173
0.90679
0.96934
099810
0.0

0+00074
2.0129¢%
0.Q2415
0.03519
0s04444
0s0511¢€
0+0567D
0. 0€1C4
0«+0AR556
D.0€6376
0es0836G¢C
£.03558
001533
NDe00472
NDe0C1NI
0.0000N
1.0

0.00074

=0,C1105
=0.,C2122
=0 ,03C61
=0, 04c28
=0.0518¢€
=) 404946
=0e 03683
=0 .01485
-OICOC59
0.0Nn43¢%

0.0N255

0. 00C22

=],0

NeNOOC3
NONB4L
Ce024€1
Cs05304
0,02101
Ns1294¢€
0.,10694
Ce27872
N eA2446
Ce57526
Ns7171C
N.R4096
263749
0D.87783
095582

0.0

0.00046
0.00932
fe 02087
N.07074
Ce16622
C.2745¢
Nea1714
0.56927
0.72309%
CeB3177
0.51943
n.98278
0.5695 3
0.0

_?--KCRN AIRFCIL 75=N6m12
M=0e¢ 752+ RN=20s SEE+CE€,E£ END
EIINP ITACT=1,EENC

C.CrC3CS
0.01573
0.026%€
C.,C276€
C.C4629
Cs CS2E€E
NC3791
ND.N€E271
C.CEETE
0.06219
0. C4GGE
0.02032
O.Cl114
C.C03%EE
0.C0060

0.0

-C.0N240
=0.01370
-0.023€4
-0.03451
=0.04789
-r.c52C0
-0.,04726
-0.C3168
-0.009320
0.0027€
c.CCa27
0.0C163
0.C00C6
C.0

0.0005E€
N,00993
0.03082
D.CE1€3
0.10215
ND.1€30¢€
0.21251
0.31385
Ce4€226
0.61198
C.75007
0.8€£810
7+9558¢0C
N.G82E0
C.99813

0.0C1E€ES
0.,0133¢6
0.C3678&
D.05134
ND.19512
D.30873
0.45467
Ce60792
0s74198
0.8€398
0.92122
0.662327
1.0C0CC

2 - Airfoil Analysis with Viscous Interaction

N.00717
C¢.01852
0.02373
0.C4C09
¢ .04800
C.C5408
Ce CEOO2
0.06403
Cs 6553
C.C060Nn3
0.04552
C.C25CE
0 .00759
C.GC256
0.N0026

=0,00538
=0.01626
=) dN2602
~Ce £3886
=0,04578
-0,05181
-,04436
=) ,02634
-0, 00675
C.00362
C.CC407
0.,c€0081
0.00000

TWO GRIC FALVINGS ONLY

C.,00171
0.0141¢
0.,03761
0.27080

N.11398-

0.1672¢C
Ne,22850
N ..35000
0.59019
D.64797
Ce7B179
Ne8G33FE
J+@639°0C
0. 38854
0.,996532

J.0n351
0.01814
N.04431
Ce.11420C
0422574
Ce34401
0.4G2€3
D 645646
Ce7H6N68
D.89331
C.95212
Ce99572

C,01715
Ce£2123
C+C324S
C.C4237
0.04963
0.05543
Cs 06007
€ .CH499
C.06489
C, 5727
0,04066
€. 2003
C.C0607
CeCN175
C.COCOE

=C.0C827
~0.01877
-0,.,02834
=0.,04237
=0.,05112
=0 .,05397
=CaQ4077
=0 02065
=Cs00842
GeCNaze

0.00342

CosCOCA7




SAMPLE CASE NO« 2-—KORN AIRFOIL 75-06-12 Tuw0 GRID HALVINGS ONLY

X-Y GRID SYSTEM

2 —0.1410€ 01 3 -0.,4900E 00 4 —0.3706E 00 5 ~0.2485E 00 6 -0.1247€ 00 7 0.0
8 G.1247E 0a 9 Q.2485€E 00 10 0.3706E 00 11 0.4900E 00 12 0.1410E 01
2 ~0.4261E Q0 3 ~0.1420€E 00 4 ~0.2303E-07 5 0.1420E 00 6 0D0e4261E 00

MACH NDe« 15 0,752 ANGLE OF ATTACK IS 0.0 DEGREES
DIRECT SOLUTION TO 0.50
CASE NUMBER 100

INVISCID ANALYSIS CASE
wITH VISCCLS INTERACTION

EFINP

M= 0.75199997 W= 1.6999998 *»X1= 0,50000000 #X2=  10000.000 1ALP= 0.0 +EPS= 0.0 VEPSS=

039999998 T X&4= 0.48999995 +54= 2.0000000 «CONV= 0.99999997E-05.A1= 0.24599999 »A2= 0414999998 +A3=  3,8699%999

RN= 20950000. +XIBDLY==0,44000000 +CIR= 0.0 +CDCORR= 040 +RDEL= 0.25000000 »RDELFN= 0.12500000

SP= Q.39999965E~02,XSEP= 0.44000000 »RCPB= 0.19999999 +CPB= 0.39999998 +»XMON= 0.46999997 +XLSEP= 0.50000000 sXPC=

0.99999964E-C1

LEND

C11INP

IMAX= 13, IMAX= 7+ IKASE= 100, INV= OsHMITER= BOOSNHALF= 2.ITACT= 1.1SKP2=
0 LSKP3= 0. ISKPa= 0+1TERP= O, IREAD= 0.LP= 1000, 1 TEUPC= 0 ITELWC=

. [
EEND

AIRFOIL COORDINATES
X Yu YL UPPER SLOPE LCWER SLOPE
~0,49000 0.01257 ~0.01417 0.71872 -0.67988
~-0,37058 G.C5153 ~0.04429 0.11615 =-0.11678
—0. 24852 0.C6140 —0.05178 005325 —0.01692
=0.12a70 0.CE542 -0.04970 0.01340 0.04823
0.0 0.06489 =-0.04000 =-0.02273 0.10586
0. 12470 0.€5513 =-0.02390 =-0.07384 Dela744
0.24852 0.04574 -0.00591 —0.,14295 0.12644
0.37058 C+02459 0.00383 -0.19774 0.02909
0.49000 0.00151 0.00102 =-0.16299 =-0.09073

ITERATION 10 CIR = 0.,0942] DPM = 0.0038%9451 AT & 3 NSSP = O DELTAY OR DELSTAR = 0.0
ITERATION 20 CIR = 0.12328 DPM 0.00239694 AT 12 3 NSSP 1 DELTAY OR DELSTAR = 0.0
ITERATION 30 CIR = 0.14425 DFPM 0.00196538 AT 10 3 NSSP 3 DELTAY OR DELSTAR = 0.0
TERATION 40 CIR = 0.16120 DPM 0.00168639 AT 10 3 NSSP 4 DELTAY OR DELSYAR = 0.0
ITERATION 50 CIR = 0.17540 DPM 000143486 AT 10 3 NSSP 4 DELTAY OR DELSTAR = 0.0
€P 8Y CENTRAL DIFFERENCES
x cPy cPL

—~0.,490 0.001 0.280

-0,371 —0.947 =-0e.791

—0.249 -0.722 -0.4892

—0.125 —0.679 ~0.529

0.0 =0.705 =0.324

0.125 =0.,659 —0.047

0.249 =0.444 0.238

0.371 -0.083 0.376

0.490 0.570 0.651

1.410 0.031 0.030
x Yu Y stu SLL

=0.49000 0.01857 —0.01417 071872 —0.67988
—D.37058 €.05153 -~0.04429 0.,11615 -~0.,11678
=0.,24852 0.06140 -—0.0517& 0.05325 -C.01692
-0.12470 0.,06542 ~0.04370 0.01340 0.04823
0«0 0.06489 -0.04000 —-0.02273 0.10586
0.12a70 €e05913 —-0.02390 ~0.07384 Cala744
D.24852 0.0457a =0.00591 -0.,14295 0.12644
0.37058 0.02459 00002383 ~0.,19774 0.02909
0.49000 0.00151 0.00102 =-0.16299 -0,09073

T4 T3 72 74 IS

68 62 0 71 1%

80 95 0101 ES

83 97 0101 SO

83 92 0101 53

80 85 0102 $2

76 77 O 99 ES

73 69 0 90 &

70 6> O 79 78

55 a9 O S8 6E

T4 73 73 T4 74

WAVE CD = =0.002310

100
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CHART 100
~0.4900 Tus [
I - v - v -
-0.3700 u L t Lo . ) L M ’ ’
~0.2300 uL T 8 T o
. . . .
‘ . “
-0.1100 u L T [
0.0100 u L T s
0.1300 v T 8 '
0.2500 u T 8 L ) . '
©.3900 u Te L ' X
0.4900 a . ‘v L
~0.9a7 -0.787 -0.627 -0.468 -0.308 ~0.148 0.012 0.172 . o0.332 0.651
PRESSURE COEFF§CIENT
CPSTAR = ~0.5842 acta = 0.3508
@ = 0.3278 CD = -0.002310 CHMLE = -0.1982 CDF = 0.0 cuce = ~0.1163 :
. .. e
T - 9
. B '

~101



SANPLE CASE Mo 24ixomN Aol 76-68-12 Tad GAID MALVINGS DNLY

x=¥ GRiD SYSThm

«BATIE

2 -B.3872¢ @1 3 ~b.ie10E 03 4 <p (1} S ~0.4%00F 00 6 ~0.4307C 00 7 ~0.3T04E 00
@ -04304iE do $ <0.26005¢ 00 10 ~0.1868F 00 11 «Uii247€ 00 12 =“0.6240E~GL 13 0.®
0.6240F<01 1S 0.1287¢ 00 16 D.1860E 00 17 0.2 S0 18 0.30%8F 08 19 0.3706E 00
21 0.4D00E 08 22 O0.46ATIE 00 23 0.1810E 01 24  0.3872E 01
2 «g.9i84€ G0 3 ~e.8264E O0 4 «0.2460€ 00 5 ~0.1620€ 00 6 ~0.6592£-0% 7 -0.92136-07
8 oab3prE-Ci ® 0.18206 00 18 0.2480E 00 11 0,8261€ 00 12 O.918i¢ 00
MACH M0« IS U.792 ANGLE DF ATTACK 15 0.0  OEGREES
. DIRECY sSOLUTiON TO 0.50
CASE NUNBER 160
INVISCID AnALYSES CASE
€1TH VISCELS INVERACTION
cEING .
e 0,7S199997 Nz 1.8999908 sXi% 0.30000000 K25  10000.000 ALP2 0.0 +EPS= 0.0 EPSSE
.. ohin 0.4 oSA=  2,6C00000 JCONVE D.99999997€-03,A12 0.24399999 +A2x 0.14999996 A3=  3,8699999
RN= 20980000, +R1BOLYS~0.48000000 «CIR® O.17540103 +CDCOAR= 0.0 «RDEL= 0:25000000 »ROELEN= 0412300000
sEe 0.39 i XSEP= O SRCEB= 0.19999999 +CPB= 0.39999998 JXMON= 0.46999997 +XLSEME 0.50000000 XPC=
0.5909998ak~01
CEND
s1Inp
1A 25, InA R 134 IRASES 100 ihva 0. MITERS €00 NHALF= 2.17ACT= 14 1SKP2=
04 15KP3 0, 1SKPAS 0L ITERP™ 04 IREAD® OuLP= 1000.1 TEURCE 0. ITELWC=
o
cEND
AIRFOIL COORDINATES
x Yu v UPPER SLOPE LOWER SLOPE
“0.49000 0.01€57 <0.01417 0.71872 -0.67988
-0.43067 0i06203 -0.03861 D.23468 ~0,21538
“0.37038 0.C5153 -0.04420 0.11418 <=0.11878
10.30962 0.05738 -0.04951 0.07984 <0.05733%
~0426852  0.06180 -0.03176 0.0332% ~0.01692
“0e18677 0.05401 -0.0517s 0.03230 0.01766
“0:12470  0.06502 -0.04970 0.01240 O0.08823
~0.06240 D.BO572 ~0.08576 ~0.00414 0.078d8
9.0 0.06489 -0.04000 -0.02273 0.10588
0406280 0iCB280 —0.03280 ~0406308 0.13057
0.12470  0.C5913 ~0,02390 -=0.07304 0.i1474e
Ge10877 0465350 =0.01457 ~0.10807 G.i4a944
0.24882  0.04574 <0.00591 ~0.14295 0.12644
9.30082 0.L3599  0.000%8 ~0.17483  C.08037
0.37058  J.0%e59 ~0.19774  0.02909
0.43087 0.01259 «0.19995 -0.02139
0.49000  0.0015% -0.18209 -~0.09073
1TERATION 10 CIR » 0.18502 DPKM =  0.80200450 AT 12 3 NSSP = 19 DELTAY OR DELSTAR = 0.0
LYERATION 20 CIR = D.19592 DPM s  Q.00099790 AT 24 & NSSP = 17 DELTAY OR DELSTAR = 0.0
ITERALION 30 CIR = @.20530 DPM = 0,00087315 AT 24 & NSSP * 17 DELTAY OR DELSTAR * 0.0
ITERAYIGN 40 CIM = D.21345 DPM &  $.00076777 AT 24 & NSSP = 17 DELTAY OR DELSTAR = 040
STERATION 350 CIR » 0.22063 OPM 2 0.00070268 AT 22 & NSSP = 17 OELTAY OR DELSTAR = 0.0
ITERATION 60 GIR = 0.21917 DPN = 0,00081113 AT 15 & HSSP = 16 DELTAY OR DELSTAR =  0.0057
ITERATION 70 CIR =  0.21802 DPM » 0.,000e46833 AT IS5 & NSSP = 13 DELTAY OR DELSTAR = 0.0077
ITERAYION 80 CIR & 0.21730 DFM = 0.00035739 AT 1S & NSSP = 15 DELTAY OR DELSTAR = 0.0086
ITERATION 90 CIR = 0.Z1700 DPM = 0400027806 AT 15 6 NSSP = 14 DELTAY OR DELSTAR =  0.009S
ITERATION 100 CIR & 0.,21704 DPM = 0400022497 AT 13 o NSSP = 14 DELTAY OR DELSTAR & 0.,0098
1TERATION 110 CIR &  0.21734 DPM = 0,00018233 AT 13 & N3SH = 14 OELTAY OR BELSTAR &  0.0101
ITERATION 120 CIR * 0.21781 DFM %  0.00013372 AT 1S 6 NSSP & 16 DELTAY OR DELSTAR = 0.0102
ITERATION 130 CIR = 0.21837 DPN = 0.00013280 AT 16 & NSSP = 14 DELTAY OR DELSTAR =  0.0103
ITERATION 180 CIR = 0.21900 OFm =  0,00001700 AT is & NSSP = 14 DELTAY OR DELSTAR = 0,0103
IYERATION 150 CIR * 0.21985 OFM = 6 NSSP = 14 DELTAY OR DELSTAR = 0.0104
LTERATION 160 CIR =  0.220%9 OPM = 0.00009498 6 NSSP = 14 DELTAY OR DELSTAR & 0.0104
ITERATION 170 CIR %  0.22092 OB = (.00008681 @ NSSP = 14 DELTAY OR DELSTAR = 0.0104
ITERATION 180 CIfRt = 0,22183 OPM =  0,00000934 6 NSSP » 14 DELTAY OR DELSTAR = 0.0i04
LTERATION 190 GIR =  b.22210 OPM = G.00007308  NSSP = 18 OELFAY OR OELSTAR =  0.0104
1HERATION 200 CIR = 0.22264 DPM 8 0.000086717 NSSP = 14 DELTAY OR DELSTAR » 0.0106
ITERATION 210 CIR =  0.22314 DPNM = ©.00086d2) @ NSSP = 14 OELTAY OR DELSTAR = 0.0104
LYERAYIUN 220 Cim = 0.22M61 DbM s  0.0000573a 6 NSSP = 14 DELTAY OR DELSTAR = 0.0104
1TERATION 230 CiR = 0.22405 OPN =  0.8000330% & NSSP = 14 DELTAY OR DELSTAR & 0,0104
ITEMATION 240 CIM =  0,22445 Dpit = 8.00004908 6 NSSP = 14 ODELTAY OR DELSTAR = 0.0108
17eRAY 10N = 0.22483 = 8.000043830 6 NSSP = 14 DELTAY OR DELSTAR % 0,010
17eRATION = 0.22518 = 0.000041%0 6 NSSP = 14 DELTAY OR DELSTAR = 0.0104
S YEAAY 1OH *  0,£2350 DFN = Q.00003862 & NSSP = 14 DELTAY OR DELSTAR = 0.0104
S TENATE BN & ©.,224980 OSM & 0.00003578 6 N3SH & 14 DELYAY DR DELSTAR = 9.0104
S iaharion ®  0.22807 DPH 4  0.00003392 5 NSSP » 14 DELTAY OR DELSTAR = 0.0104
t fion * 0.22033 DPM % 0,00003052 & WSEPS m 14 DELTAY OR DELSTAR = 040104
1TERATION = 0422056 DPN =  8.00002025 & NSSe = 18 DELTAY OR DELSTAR = 0.0104
1 TERATION = 0422678 DPW = 0,00002611 & NSSP = §4 DELTAY OR DELSTAR = 0.010a
L TERAT 10N = D.22698 UPM =  0.00002314 @ N3SP % {4 DELTAY OR DELSTAR = 040104
1YERATION = Q422716 DPM =  0,00002217 & H33P = 18 OELTAY ON DELSTAR =  0.01bs
ITERAYION > 0422733 DPN = ©0.00002122 & NSSP = 14 DELTAY OR DELSTAN = 0.0104
{ tTERATLION 2 0.22749 DPM »  0.00001%07 6 NSSE & 14 DELTAY OR BDELSTAR = 0.0104
1TERATION ®  0,22764 DFN = 0.00001752 © NSSP = 14 DELTAY OR DELSTAR x 0.0104
ITERATLION 380 C1R = 0.22777 DM =" 0,00001609 6 NSSP = 18 DELTAY OR DELSTAR x  0.0104
IYERATION 390 CIR = 0.22790 OPM * 0.00001574 6 NSSP = 14 DELTAY OR DELSTAR = D.0104
ITERATION 409 CIR » 0422801 DPM =  Q.00001377 6 N5SP & 14 DELTAY OR DELSTAR » 0.0104
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x vUORLG

wOs1267@
~0,06200

0,01887
0,0a203
-D,3T05E  0.85133
~0.309842 0.08738
~0.24835Z  0.0R140
-0.18677  D.0Ge81

.
%00 0. 06009
Q.06340  0,08280
.Qe1247C  .03M1
0.18677  0,Q8359
Q.26022 0.04374
0.30882 0,83%09
©.37058  0.02489

3067 Q01230

49000 0400185}

€® BY CENTRAL DIFFERENGES

oy

Ld
72

GRU
-0.490 ~8.083
~0.431 -0.716
-04371 «0,654
-0.310 ~0y718
=0q249 -0s703
~0.}87 -0+69Q
-04125 =0,4689 0,345
-0,062 ~Qe702 0,276
0.0 0,703 =0. 186
0.0682 ~0.687 +0.080
0,125 ~0s64) 0,038
Q.107 ~0.53e
O« 249 ~04380
0.310 -0.210
0.371 =0,045
O.a31 0865
O.a%0 0e243
0,647 0.083
1010 0.023
3.872 9s003
L{"] e
~0.49000 001057 —-Qe01417
~0.43067 €e04211 =0,03848
~Q.,37058 Ce.05174 ~0,04
=~0+30982 0.4577¢ ~0,0498)
—0.24852 C.0OI90 -0.05224
-0.,18677 C.08464 -0.05236
~0.12470  0.06618 ~0.050e9
—C.06240 0.06660 —0.04674
0.0 0,06590 -0.04123
0.06240 0.08397 ~0.03416
0.12470  €.0605%F =0,02%591
0418677  0.05521 <-0.01712
0.248%2 C.04793 ~0.00896
0. 30982 003894 =-0.,00203%
0.37058 6.02904 Q.00040
0.43067 0.01999 0.00066
0.49000 0.01199 -0.00240
74 74 74 F4 T4 74 T3 15 75 IS5
T4 73 73 73 13 T3 I 13 73 78
73 71 70 69 67 68 68 71 I3 Ta
0 75 76 80 83
Q@ 98 90 a6 8
0101 96 91 07
0105100
o19%5101
oi10410L
o o002
o ojo02
0105102
Q104101
0102 98
o %6 93
0 90 a»
0 83 83
o 77 19
07378
o &8s T
71 72 1)
74 74 78
5 7S 18
WAVE CO =

BOUNDARY LAYER ANALYSIS FOR ACYNOLDS NUNBER OF .

~0:00212
r0.02054
~0.06229
~0.6407S

.
0.00170 ~P.10}78
0.080217 —0,13320
9,00291 ~0,13907
0,00439 ~Q.1398}

~Q.R4e29
~0,0005)
~0,08178
~0. 03174 . p
—Qe84970  pep0aTR
~0.94876.  0.00098

22

0
‘0400Q50  $,00333
Q0,00383 04,0034
0.00408  @,00342
08,0012  ©0,08341

~0ela217

0412738

sLy sLL
C-TIATR <~0.67988
Gel7789 -0,17008
0+13012 ~0.1N127
0.,07848 ~0,057453
0.0561S -0,02020

©.03398 e.01480

0.01570 Q.0A534
~0.00212 0.07463
r0,02034 0.10156
-0.04229 0.126013
~0.0097% 013926
-0.10175  C.14060
-0,43320 €.11936
~0.15907  0.07761
-0,15981 C. 02982
-0.14217 «0.02284
~0.1273¢ TQ.08048

75

04003733

0, 029642
~9.02288
~0.Q8048
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—0.4900

—0+4300

—-0.3700

~0.2900

—-0.2300

-0+1700

=-0.1100

-0.0500
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0.0100

0.0700

0.1300

0.1900

0.2500

0.3100

0. 3900

0.,4500

6.4900

-0.716

CHART 100

u T B L
' . .
L T -]
u L T ]
L T B
8 ® ¥ -3
s T B
[% T 8
L T B
L T [}
LT -]
u T eL
u T 8 L
u T -] L
u T 8 L
ut B8 [«
TB v T
TH t . u L
-0.604 0,493 —-0.382 -0.270 -0.159 -0.047 0.068 0.176 c.287 0.399
PRESSURE COEFF ICIENT
CPSTAR = ~0.5842 CLCIR = 0.4560
@ = 0.4384 CD = 0.010745 CMLE = —0.2306 COF = 0.007012 CMC4 = -0.1210



SANPLE CASE NGe 2-—KORN AIRFOIL 75-06—~12

X=Y GRID SYSTEM

TWO GRID HALVINGS ONLY

2 -0.8027E Q1 3 ~0.3872E 01! 4 —0,2276E 01 S —0.1410E 01 & ~0.9113€ 00 7 —=0.6471E o0
8 —0.5317E 00 9 —0.4900E 00 10 —0+4604E 00 11 =0.4307E 00 12 —0+4007E 00 13 =0.3706E 00
=0+3403E 00 15 —0.3098E 00 16 —0.2792E 00 17 —0.248S5€ 00 18 =0.,2577E 00 19 -0.1868E 00
20 -0.1558E 00 21 -0.,1247€ 00 22 -0.9357E-01 23 -0+6240E-01 24 ~0.3121E-01 25 0.0
26 0.3121E-C) 27 0.6240E-01 0.9357E-0C1 29 O04.1247E 00 30 0.1558E 00 31 O0+1868E 00
32 0.2177€E 60 33 0.2485E 00 0.2792€ @0 35 0.3098E 00 36 0.3403E 0O 37 0.3706E 00
38 0.4007E 0O 39 D0.4307E 00 0«4604E 00 41 0.4900€ 00 42 0.5317E 00 43 0.6471E 00
44 0.9115E 00 45 043410E 01 & 0.2276E 01 47 0.3872E 01 48 0.8027E 01
2 —0.1869E 03 3 -0.9181E 00 4 -0.5939E Q0 5 -0.4261E 00 6 -0.3206E OO 7 =0.2460E 00
8 ~0.1888E 00 9 =0.1420E 00 10 -0.1019€E QO 11 -0.6592E-01 12 -0.3239E-01 13 —0.9213E-07
14  0.3239E-01 15 Qe6592E—-01 16 0.1019E 00 17 0.1420€ 00 18 0.1888E 00 19 0.2460E 00
20 0.3206E 00 21 0.4261E 00 22 0.5939€ 00 23 0.9181E 00 24 0.18869E 01
MACH NOe 1S 0.752 ANGLE OF ATTACK 1S 0.0 DEGREES
DIRECT SOLUTION TO 0.50
CASE NUMBER 100
INVISCID ANALYSIS CASE
WITH VISCCLS INTERACTION
CFINP
M= 0.75199997 W¥= 1.6999998 *X1= 0.50000000 +X2= 10000.000 sALP= 0,0 *EPS= 0.0
0.39999998 2 X4= 0.48999995 +S4= 2.0000000 »CONV= 0.99999997E-0S.Al=x 0.24599999 «A2= 0.14999998 .
RN= 20950000, +XIBDLY=-0.A44000000 +CIR= 0.22801352 +COCORR= 0.0 +RDEL= 0.25000000 s RDELF N=
SP= 0.3999 2e XSEP= O.A4 +ACPB= 0.19999999 +CPB= 0.39999998 «XMON= 0,.46999997 »XLSEP= 0. 50
0.99999964E-01
LEND
CIINP
ITMAX= 49 ¢ JMAX= 25, IKASE= 100,IN O.MITE 200,NHALF= 2+ ITACT=
0. I SKP3= 0, ISKP4x Qs ITERP= 0. IREAD= 0.LP= 1000 .1 TEUPC=
o
LEND
. AIRFOIL COORDINATES
X Yu YL UPPER SLOPE LOWER SLOPE
—0.49000 0«0LEST =~0.01417 0.71872 -0.,67988
L0.46044 0.03318 -0.02691 0.36638 -0.31117
~0.43067 0.04211 -0.03468 017769 -0.17098
—0.40072 0404692 -0.03958 013391 -0.15113
-0.37058 0.05174 ~0.04440 0.13012 -0.13:27
=0.34028 0.06474 -0.04716 0.10430 -0.094406
-0.30982 0.05774 ~0.04983 0.07848 -0.05765
=0.27923 0.C5582 =-0.05103 0.06731 -0.03893
—=0.24852 0.06190 —0.05224 0.05615 -0.02020
=0.21769 0.66327 -0.05230 0.04506 -0.00270
=0.108677 0.06464 -0.05236 0.03398 0.01480
=0.15577 0.C6541 =0.05142 0.02404 0.03007
-0.12470 0.06618 ~0.05049 0.01570 0.0a8534
=0.09357 0.06639 -0.04861 0.00679 0.05999
=0.06240 0.,06660 =-0.04674 -0.00212 0.07463
-0.03121 0.06625 —0.04308 -0.,01133 0.08809
0.0 0+C6590 -0.,04123 -0.02054 0.,10156
0.03121 0.C5494 —0.03769 —-0.03142 Q.11284
0.06240 0.C6397 -0.03416 =-0.04229 0.12413
0.09357 0.06224 —-0.03003 -0.05602 0.13169
C.12470 0.0605]1 —0.02591L -—0.06975 0.13926
0.15577 0.03786 -~0.02152 -0.08575 0.13993
0.18677 0.C5520 =—-0.01712 -0.10175 0.14060
021769 005187 —0.01304 -—0.1174a8 O.12998
Oe 24852 0.04793 -0,00896 -0.13320 Cel1936
0.27923 004344 ~0-00590 -0.14614 0.09849
0.30982 0.03894 -0.00285 -0.15907 0:07761
Ge3e028 0403399 =—0.00122 -0.15944 0.05362
0.37058 0.02904 0.00040 -0.15%9481 0.02962
0.40072 0.0245] 0.00053 —0,15099 0.00339
0.43067 0.04999 000066 =~0.14217 -0.,02204
0.86044 0.01599 <=0.00087 —~0.13475 —0.,05166
C.49000 0.01199 -0.00240 =-0.12734 -0.08048
ITERATION 10 CIR = 0.22783 OPM = 0.00033033 AT 32 7 NSSP 57 DELTAY DR DELSTAR 0.0104
ITERATION 20 CiR = 0.22797 OPM = 0.00007644 AT 24 24 NSSP S8 DELTAY OR DELSTAR 0.0104
1TERATION 30 CIR = 0.22812 DPN = 0.,00008059 AT 37 2 NSSP = 58 DELTAY OR DELSTAR 0.0104
ITERATION 40 CIR = 0.22824 DPM = 0.00002819 AT 35 2 NSS5F = 58 OELTAY OR DELSTAR 0.0104
ITERATION 50 CIR = 0.,22834 DPM = 0.,00002676 AT 46 12 NSSP = 57 DELTAY OR DELSTAR 0.010&
ITERATION 60 CIR = 0.22724 DPM = 0,00029548 AT 12 15 NSSP = 60 DELTAY OR DELSTAR 0.0101
ITERATION 70 CIR = 0.,22756 OFM 0.00009030 AT 14 15 NSSP = 62 DELTAY OR DELSVAR 0.0098
ITERATION 80 CIR = Q.22719 DPM 0.,00004506 AT 14 1S NSSP = 62 DELTAY OR DELSTAR 0.009%
ITERATION 90 CIR = 0.22795 DPM 0.00005800 AT 48 12 NSSP = 61 DELTAY DR DELSTAR 0.0089
ITERATION 100 CIR = 0.22785 DPM 0,00002313 AT 15 1S NSSP = 62 DELTAY OR DELSVYAR 0.0091
ITERATION 110 CIR = 0.22768 OPW 0.00001861 AT 47 13 NSSP = &2 DELTAY OR DELSTAR 0.0092
ITERATION 120 CIR = 0.22799 DPM 0.00002056 AT 47 13 NSSP = 62 DELTAY OR DELSTAR 0.0090
ITERATION 130 CIR = 0.22788 DPM = 0.00002754 AT 48 11 NSSP = 62 DELVAY OR DELSTAR 0.0092
ITERATION 140 CIR = 0.22771 DPM 0.00001436 AT 44 13 NSSP = 62 DELTAY OR DELSTAR 0.0093
ITERATION 150 CIR = 0.22755 DPM 0.00001826 AT 48 13 NSSP = 62 DELTAY OR DELSTAR 0.0093
ITERATION 160 C1AR 022741 DPM 0.00001532 AT 48 12 NS5P = 62 DELTAY OR DELSTAR 0.0094
ITERATION 170 CIR = 0.22728 DPM 0.00001511 AT 46 13 NSSP = 62 DELTAY DR DELSTAR 0.0094
ITERATIUN 180 CIR * 0+2273y OPM = 0.00001040 AT 31 1% NSSP = 62 DELTAY OR DELSTAR 00093
ITERATION 190 CIR = 0.22720 DPM 0.00001144 AT 42 13 NSSP = 62 DELTAY OR DELSTAR 0.0094
1 TERATIAN 200 CIR = 0.22709 DPM 0.00001460 AT 47 7 NSSP = 62 DELTAY OR DELSTAR 00094

+EPSS=

Ad= '3.8699999
0.12500000

000000 «XPC=

14 18KP2=
OsITELWC=

105



BOUNDARY LAYER ANALYSIS FOR REYNOLDS NUMBER OF

x YUDRIG Du
—0.49000 0.01E57 0.0
—0.46044 0.03318 0.00001
—0+43067 0.04203 0.0000S
—0.40072 004758 a.,00012
—0+37058 005153 0.00021
—-0.,34028 0.05473 0.00030
—0.,30982 0.05738 0.00038
-0.,27923 0.05958 0.000406
—0e24852 0.06140 000053
-0.21769 0.06286 0V.00061
—0.18677 0.06401 0.00068
-0.,15577 Q.0c486 0.00074
-0.12470 Q. 06542 0-00080
-0.09357 0.06571 Q.00086
-0,06240 0.06572 0.00092
-0.03121 0.06545 0.00097

0.0 0.06489 0.00103
0.03121 0406402 0.00110
006240 0.06280 0.00118
0.09357 0.06419 0.00127
0.1247¢C 0.05913 0.00139
0.15577 005658 0.00154
0.18677 0.05350 0,00171
021765 0+ 0498% 0.00191
0.24852 0.04574 a.00217
0.27923 0.04110 0,00249
0.3098z 0.C3599 0.00292
0.34028 0.03045 0.00343
0.3705¢8 0.02459 0.00424
0.40072 0.01855 0.00514
0.430867 0.01250 Q.00623
C.06044 2.00672 0.00779
0.490900 Q.00151 0.00933
BY CENTRAL DIFFERENCES
<Py cPL

-0.490 0.167 0.803

-0.460 —0.367 ~0.059

-0.431 —0.733 —0.229

—0.401 —0.854 =0+ 345

—0.371 ~0.840 —0.400

—0.340 -0.8248 -0.439

-0,310 —C.800 —0.450

-0.279 —0.774 ~0.449

—0.249 =0.750 =0.4843

-0.218 -0.726 -0.429

~-0.187 —0+710 ~0.410

—0.156 -0.702 ~0.385

-0.125 -0.701 —0. 356

-0.094 -0.706 ~0a322

-0.062 ~0.713 -0.282

-0.031 -0.721 —0.237

0.0 -0.724 —0.188
0.031 -0.723 —0.135
0.062 ~0..719 -0.07a
0.094 -0.699 —0.414
0.125 —-0.655 00448
0.156 -0.595 0.105
0.187 ~0.529 0. l04
c.218 ~0.857 0.220
0. 249 -0.3480 C.268
Q.279 =-0.300 ¢, 3C7
0.310 =-0.215 0.335
0. 3a0 -0.126 0.352
0.371 —0.045 0.361
0.401 0.035 0. 360
0.a31 0.113 0.354
0,460 0.154 0,343
0,490 0.212 0.310
0.532 Q.181 0.181
0.647 0.087 0.097
0.912 0,047 0.047
1.410 0.020 0.020
2.276 c.008 0.008
3.872 0.003 0.003
B.027 0.001 0.001
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0.210
SLU YLORIG

0.71872 -0.01417
0436638 —0.,02691
A.24494 -0,03461
0415056 —-0.04017
0.11970 -0.04429
009825 -0.0a736
0.08150 ~0.04951
0.,06783 -—0.,05095
0.05565 =-0.05176
0,04433 -0.05201
0.03648 -0.05174
0.02471 -0.05096
0401538 —0.04970
0.00668 -0.04797
~0.00227 -0.04576
—~0e01127 -0.04310
-0.02074 =-0.04000
—0.03105 -0.03649
=0.04234 -0,03260
—0.05515 -—0.02838
~0+06954 —0.02390
—0.08554 -0.01925
—0.10202 -0.01457
—0.11823 -0.,01006
—0.13341 =-0.00591
~0s14692 =-0.00234
~0e15846 0.00050
=-0.16610 0.C0256
—-0.16965 0.00383
—0.17077 0.00834
=0.15510 0.00408
—~0s423173 0.00304
—0.11632 0.00102

€ o8
oL sLL
0.0 ~0.67988
0.00001 =~0.31117
0.00005 ~0.22472
0.00011 ~0.15910
0.00019 ~0.12047
0.00026 =-0.08720
0.00033 ~-0.06020
0.000640 ~-0.03884
0.00048 -0.01937
0400055 ~0.00181
0.00062 0.01457
0.00070  0.03026
0.00079  0.04542
0.00088  0.08022
0.00098  0.07468
0.00109 0.08857
0.00122  0.10139
0.00137  0.11360
0.00154  0,12447
0.00176  0.13299
0.00198 0413908
0.00225 0.14153
0.00256  0.13927
0.00286 0.13190
0.00313  0.11894
0.00332  0.10064
0.00341  0.07903
0.00343  0.05558
0.00338  0.03145
0.00331  0.00710
0.00319 -0.01580
0.00301 -0.04429
0.00282 -0.08015



—0.46084
—0.43067
—0.40072
-0.37058
-0.34028
-0.30982
-0.27923
-0,24852
-0.21769
~0.18677
—0.15577
=0.12470
~0.09357
-0.06240
-0.03121
0.0
0.03121
0.06240
0.09357
0.12470
0415577
0.18677
0.21769
0.2a852
0.27923
0.30982
0.3a2028
0.37058
0.40072
0.43067
0.46048
0.49000

C.0a208
0.04771

Ce0H175
0.05503
0.05776
0.€600e

0.C6193
C.06347
0.06469
C.065060
Q.00022
C.06657
0.06664
0.06643
0.06593
C.06512
0.06398
0.06247
0.06053
0.05812
C.0%5522
C.051821

0.04793
€.08362
C.0389s
€.03399
c.c2889
0.02376
0.01880

YL

-0.01417
=0.02692
—~0.,03466
~0.04029
—0.04448
-0.04762
—0.04584
-0+05135
—0.05228
-0.05256
=0.05236
=-0.05166
—0.05089
~0,04884
—0.04674
=0.08419

-0.0a122

—0.03787
—-0.03415
~0.03013
—0.02589
~0.02152
=0.01715
—-0e01295
-0.00907
~0.,00568
-0.00293
—0.00087

0.0000ce

0.00103

0,00089

0.00003
-0.00181

75
74
74
73
4}

67
o4
68
73
77
8o
a3
€6
a7
88
a8
a3
a7
:k4
86
as
83
a8z
ao
78
7
75
73
71

65

65
66
65
67
70
72
78
7.
75
75

WAVE
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74
74
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7

66
61

65

75
70
75
73
14
oS
57
62
73

sLu
Qe71872
0.36638
OC.24494
0.150506

011970

0.09825

0.008150

0.06783

0+05565

0.04433
0.03448
0.02471
0.01538
0.00668
-0.00227
~0.01127
=0.0207a
—0.03105
~0.0423a
—=0.05515
—0.06954
-0.08554
—-0.10202
-0.11823

—0.1334a1

—0+14692
-0.158486
—0.16610
—0416%65
—-0417077
-0.15510
-0.13173
—0.11632
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0102100
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75

0. 006996

SLL

~0.67988
~0e.31117
—0.22472
-c.15910
-0.12047
-0.08720
-0.06020
-0.03884
~0.01937
-0.00181
0.01457
0.03026
0.04542
0.06022
0.07468
0.08857
0.10139
0.11360
Ge12a47
€.13299
0.13908
0.14153
c.13927
0.13190
0.11894
0.10064
0.07903
0.05558
0.031a5
0.00710
-0.01580
—0.04429
-0.08015
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—0.4900

—0.4500
~0.4300

-=0.3900
-0.3700

-0.3300

—0.2900
-0.2700

-0.2300
-0.2100

-0.1700
~0.1%00

=-0.1100
—0.0900

~0.0500
-0.0300

0.0100

0.0500Q
0.0700

0.1100
0.1300

0.1700
01900

0.2300
0.2500

0.2900
0.3100

0.33500

0.3900
04300

Os4500

0.4700
0.4900
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—0.854 —0.724 =0+595 —0.465 -0.335 —0.205 —0.076 0.054 0.184
. PRESSURE COEFFICLENT
CPSTAR = —0.,5842 CLCIR = 0.4542
<L = 0.4481 CD = 0,014111 CMLE = =0.2323 CDF = 04007115 CHCA = —-0.1203
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